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Abstract 
 
The scope of this work focuses on computationally modeling compounds with 
protein structures.  While the impetus of drug discovery is the innovation of new 
therapeutic molecules, it also involves distinguishing molecules that would not be an 
effective drug.  This can be achieved by inventing new tools or by refining old tools. 
Virtual screening (VS, also called docking), the computational modeling of a molecule in 
a receptor structure, is a staple in predicting a molecule’s affinity for an intended target.  
In our Virtual Target Screening system (also called inverse-docking), VS is used to find 
high-affinity targets, which can potentially explain absorption, distribution, metabolism, 
and excretion (ADME) of a molecule of interest in the human body.  The next project, 
low-mode docking (LD), attempts to improve VS by incorporating protein flexibility into 
traditional docking where a static receptor structure has potential to produce poor results 
due to incorrectly predicted ligand poses.  Finally, VS, performed mostly on small 
molecules, is scaled up to cyclic peptides by employing Monte Carlo simulations and 
molecular dynamics to mimic the steps of small molecule VS. 
The first project discussed is Virtual Target Screening (also called inverse-
docking) where a small molecule is virtually screened against a library of protein 
structures.  Predicting receptors to which a synthesized compound may bind would give 
insights to drug repurposing, metabolism, toxicity, and lead optimization.  Our protocol 
xii 
 
calibrates each protein entry with a diverse set of small molecule structures, the NCI 
Diversity Set I.  Our test set, 20 kinase inhibitors, was predicted to have a high 
percentage of kinase “hits” among approximately 1500 protein structures.  Further, 
approved drugs within the test set generally had better rates of kinase hits. 
Next, normal mode analysis (NMA), which can computationally describe the 
fundamental motions of a receptor structure, is utilized to approach the rigid body bias 
problem in traditional docking techniques.  Traditional docking involves the selection of 
a static receptor structure for VS; however, protein structures are dynamic.  Simulation of 
the induced fit effect in protein-ligand binding events is modeled by full articulation of 
the approximated large-scale low-frequency normal modes of vibration, or “low-modes,” 
coupled with the docking of a ligand structure.  Low-mode dockings of 40 cyclin 
dependent 2 (CDK2) inhibitors into 54 low-modes of CDK2 yielded minimum root-
mean-square deviation (RMSD) values of 1.82 ± 1.20 Å when compared to known 
coordinate data.  The choice of pose is currently limited to docking score, however, with 
ligand pose RMSD values of 3.87 ± 2.07 Å.  When compared to corresponding 
traditional dockings with RMSD values of 5.89 ± 2.33 Å, low-mode docking was more 
accurate. 
The last discussion involves the rational docking of a cyclic peptide to the murine 
double minute 2 (MDM2) oncoprotein.  The affinity for a cyclic peptide (synthesized by 
Priyesh Jain, McLaughin Lab, University of South Florida), PJ-8-73, in MDM2 was 
found to be within an order of magnitude of a cyclic peptide from the Robinson Lab at 
the University of Zürich in Switzerland.  Both are β-hairpin cyclic peptides with IC50 
values of 650 nm and 140 nm, respectively.  Using the co-crystalized structure of the 
xiii 
 
Robinson peptide (PDB 2AXI), we modeled the McLaughlin peptide based on an 
important interaction of the 6-chloro-tryptophan residue of the Robinson peptide 
occupying the same pocket in MDM2 as the tryptophan residue by the native p53 
transactivation helical domain.  By preserving this interaction in initial cyclic peptide 
poses, the resulting pose of PJ-8-73 structure in MDM2 possessed comparable active site 
residue contacts and surface area. 
These protocols will aid medical research by using computer technology to reduce 
cost and time.  VTS utilizes a unique structural and statistical calibration to virtually 
assay thousands of protein structures to predict high affinity binding.  Determining 
unintended protein targets aids in creating more effective drugs.  In low-mode docking, 
the accuracy of virtual screening was increased by including the fundamental motions of 
proteins.  This newfound accuracy can decrease false negative results common in virtual 
screening.  Lastly, docking techniques, usually for small molecules, were applied to 
larger peptide molecules.  These modifications allow for the prediction of peptide 
therapeutics in protein-protein interaction modulation, a growing interest in medicine.  
Impactful in their own ways, these procedures contribute to the discovery of drugs, 
whether they are small molecules or cyclic peptides. 
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Chapter One 
Virtual Target Screening: Validation Using Kinase Inhibitors 
Note to Reader 
Reprinted (adapted) with permission from Daniel N. Santiago,
††
 Yuri Pevzner,
† 
Ashley A. Durand,
±
 MinhPhuong Tran,
†
 Rachel R. Scheerer,
†
 Kenyon Daniel,
±
 Shen-Shu 
Sung,
§
 H. Lee Woodcock,
†,‡
 Wayne C. Guida,
±,†,‡,*
 and Wesley H. Brooks
±,*
  Journal of 
Chemical Information and Modeling 2012, 52, 2192-2203.  Copyright 2012 American 
Chemical Society.  See also Appendix H. 
 The publication follows; supporting information can be found in Appendix A. 
1.1 Abstract 
Computational methods involving virtual screening could potentially be employed 
to discover new biomolecular targets for an individual molecule of interest (MOI).  
However, existing scoring functions may not accurately differentiate proteins to which 
the MOI binds from a larger set of macromolecules in a protein structural database.  An 
MOI will most likely have varying degrees of predicted binding affinities to many protein 
targets.  However, correctly interpreting a docking score as a hit for the MOI docked to 
                                                          
†
Department of Chemistry, University of South Florida, Tampa, Florida 33620, 
±
HTS & 
Chemistry Core, H. Lee Moffitt Cancer Institute & Research Institute, 12902 Magnolia 
Drive, Drug Discovery-SRB3, Tampa, Florida 33612, 
§
Department of Pharmacology, 
Milton S. Hershey Medical Cancer Institute, Pennsylvania State University, 500 
University Drive, MC H072, Hershey, Pennsylvania 17033, and 
‡
Center for Molecular 
Diversity in Drug Design, Discovery and Delivery, University of South Florida, 4202 
East Fowler Avenue, CHE 205, Tampa, Florida 33620 
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any individual protein can be problematic.  In our method, which we term “Virtual Target 
Screening” (VTS), a set of small drug-like molecules are docked against each structure in 
the protein library to produce benchmark statistics.  This calibration provides a reference 
for each protein so that hits can be identified for an MOI.  VTS can then be used as tool 
for: drug repositioning (repurposing), specificity and toxicity testing, identifying potential 
metabolites, probing protein structures for allosteric sites, and testing focused libraries 
(collection of MOIs with similar chemotypes) for selectivity.  To validate our VTS 
method, twenty kinase inhibitors were docked to a collection of calibrated protein 
structures.  Here we report our results where VTS predicted protein kinases as hits in 
preference to other proteins in our database.  Concurrently, a graphical interface for VTS 
was developed. 
1.2 Introduction 
 Drug discovery and development focuses initially on finding a lead candidate.  
The intent is to find a molecule capable of modifying (usually inhibiting) the activity of a 
protein to alter the course of a disease.  Early in the process, it should be known whether 
or not the lead candidate, or a focused library built around a promising scaffold, is 
specific toward the target of interest and if there are potentially detrimental off-target 
effects.  Alternatively, the scope of an existing drug can be expanded if new biomolecular 
targets can be identified, thus reducing the cost and time of developing new therapies. 
Fortunately, experimental methods are relatively well developed to address drug 
specificity and promiscuity
1
 (and online databases
2-4
 and data mining techniques
5-7
 can 
potentially aid in these efforts). On the other hand, testing a lead candidate or focused 
library against other proteins experimentally (referred to as specificity testing or counter-
3 
 
screening) is a tedious process, and is often limited by cost, time, availability of proteins, 
and appropriate assays. In a method that has been referred to as Virtual Target Screening 
(VTS), protein structures are screened by ranking a small molecule’s docking scores to 
calibration docking statistics.  These ranked dockings theoretically can reveal proteins 
that have significant interactions with a given small molecule.  Improvements in virtual 
screening (VS) applications
8, 9
 and the availability of an increasing number (78,020 
structures as of December 20, 2011) of solved protein structures from the Protein Data 
Bank
10
 (PDB) help to make VTS a reality. 
In VTS (also referred to as inverse docking or virtual counter-screening), a 
molecule of interest (MOI) can be docked rapidly into each entry of a protein structure 
library.  The key to an effective VTS system is correctly interpreting the relative 
importance of the individual ligand-protein docking scores to determine which proteins 
are of particular significance among all screened proteins.  Identification of protein ‘hits’ 
in previous inverse docking studies have included: direct ranking of scores, modification 
of scores (such as weighting against possible promiscuity and non-specific binding), 
‘fingerprinting’ (comparisons between the molecule of interest and known inhibitors) and 
incorporation of larger binding data sets to improve scoring functions for ligand 
docking.
11-19
  Already, virtual counter-screening techniques have been developed to 
answer the need for drug positioning,
3, 20-29
 toxicology,
30-33
 and selectivity of focused 
libraries.
34
 
Here, the development and validation of a new VTS system is described that 
employs a unique approach involving 20 known small molecule kinase inhibitors and 
more than 1,400 protein structures, and a structure-based counter-screening approach 
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dependent on calibration with a diverse set of molecules.  This benchmarking against our 
protein database yields a fast, yet robust, procedure for determining targets for a given 
molecule of interest (MOI).  The individual protein structures have been calibrated 
against a drug-like set of compounds, the National Cancer Institute’s (NCI) Diversity Set 
(more information below).  An extensive case study of known kinase inhibitors is 
presented as validation of our methodology where protein hits identified by VTS within 
our calibrated protein library are compared to hundreds of published experimental data 
points.  Additionally, a user-friendly interface has been developed to facilitate the VTS 
workflow. 
1.3 Materials and Methods 
1.3.1 Hardware.  Molecular modeling and VTS studies were performed using a 
Dell Precision 490 workstation running on Fedora 8 Linux with dual Xeon 3.06 GHz 
processors, 4 GB RAM, and a 250 GB hard drive. 
1.3.2 Software.  Schrödinger’s Maestro 8.035 was used as the primary graphical 
user interface for molecule structure preparation.  LigPrep 1.6
36
 was used to convert the 
NCI Diversity Set I
37
 from the provided 3D models in SDF file format to refined 3D 
models in Maestro file format.  LigPrep 2.2
38
 was later used for refinement of small 
MOIs that were to be screened in VTS.  Maestro and MacroModel
39
 9.5 were used in 
preparation of enzyme coordinates for docking studies.  Schrödinger’s Grid-based Ligand 
Interaction Docking with Energetics (GLIDE) 5.0
40-42
 was used for the generation of grid 
files and automated in silico docking (virtual screening).  Perl scripts were created to 
automate protein structure calibration via command-line execution of Schrödinger 
5 
 
 
  
 
 
Figure 1.1.  Organism composition shown for VTS protein structure library of 1,451 
total entries.  “Miscellaneous” consists of organism types each totaling less than 2% of 
the library: dog, ray, chicken, rabbit, plant, protozoa, snake, and pig. 
 
 
Figure 1.2.  Protein type composition shown for VTS protein structure library of 
1,451 total entries.  Kinases are about 2/3 of transferases, 19% overall. 
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applications.  PyMOL
43
 from DeLano Scientific was used for graphical presentation of 
the results. 
1.3.3 Small molecule calibration structures.  The National Cancer Institute 
(NCI) Diversity Set I, consisting of 1,990 3D structures, was used as our small molecule 
calibration set.  It is a representative subset of the entire NCI/NIH Development 
Therapeutics Program chemical collection of almost 140,000 compounds.  As previously 
mentioned, ligand refinement was done using Schrödinger’s LigPrep, which increased the 
number of structures to 2,392.  The original 1,990 structures decreased, though, to 1,875 
due to lack of force field parameters (e.g., molecules containing arsenic were omitted).  
The additional structures represented different tautomers, ring conformations, and 
protonation states of the 1,875 compounds.  Energy minimization of the NCI Diversity 
Set I employing the MMFF
44-49
 force field was also performed using LigPrep.  
1.3.4 Protein structures.  Our collection of protein structures, currently at 1,451 
entries (Figures 1 & 2), was prepared from the PDB.  We loosely applied a set of 
guidelines in selecting proteins to add to our library.  Our main aim was to have a broad 
representation so that new target proteins could be probed.  The guidelines used in 
selecting our initial set of proteins were: 1) human proteins preferred; 2) wild-type 
structures only; 3) full-length or near full length sequences; 4) X-ray structures rather 
than NMR or homology (theoretical) models; 5) resolution better than 3 Å; and 6) a 
ligand non-covalently bound in the protein’s active site or binding interface.  Proteins 
with more than one molecule in the asymmetric unit (i.e., more than one copy of the 
protein in the crystal structure) were inspected, and those with lower B-factors were 
chosen while the other subunits were deleted.  Of the 1,451 protein structures, 343 (24%) 
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are unique, so the remaining structures are redundant in sequence. Human protein 
structures account for 59% of the VTS library. 
1.3.5 Ligand structures.  Fabian et al. collected Kd information for 119 kinase 
and kinase-like targets against 20 kinase inhibitors
50
 (Figure 1.3).  We used these 
inhibitors as our test set for the VTS system.  Maestro was used to create each ligand 
structure, and LigPrep was used to create tautomers and produce different ionization 
states within a pH range of 7 ± 2.  Energy minimization of ligand structures was effected 
using LigPrep. 
 
 
Figure 1.3. Matrix of reported activities on kinase inhibitor assays at 10 μM.  Of the 119 
kinases reported by Fabian et al., 43 were available from the PDB to include in the VTS 
library.  220 (26%, grey squares) of the 860 inhibitor-kinase combinations have target 
binding affinities (Kd < 10 μM).  This cut-off is used as our metric to compare VTS hits 
with reported data. 
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1.3.6 In silico docking.  For compatibility with the Optimized Potentials for 
Liquid Simulations (OPLS) all-atom force field
51, 52
 used by GLIDE, selenium atoms 
were changed to sulfur atoms.  (Selenium parameters have since been added to the OPLS 
force field; however, the selenium-to-sulfur substitution was used for those proteins 
subjected to X-ray crystallography studies using the method of multiwavelength 
anomalous diffraction
53
).  All explicit water molecules were removed as well as repeated 
structures with high B-factors.  The GLIDE protein preparation module, available from 
Schrodinger,
54
 was employed to add explicit hydrogen atoms, define appropriate charges 
from the OPLS force field for protein atoms, and perform restrained minimization of the 
protein structures.  Small-molecule structures were docked with GLIDE at standard 
precision (SP) into the protein target to approximate absolute binding free energies using 
the GLIDE Score (Gscore) scoring function.
40, 41
  Default SP settings include 400 poses 
kept for energy minimization of the initial 5,000 poses within a scoring window of 
100.00 kcal/mol, energy minimization performed with a distance-dependent dielectric of 
2.0 with a maximum number of 100 steps, and a scaling factor of 0.8 for van der Waals 
radii of ligand atoms with an absolute value of partial charge less than 0.15.  These 
Gscores are calculated and used to rank the structures relative to each other in a docking 
run.  Default grid files were centered on the available ligand in each protein structure.  
Due to software limitations, GLIDE is unable to dock ligands (such as polypeptides) with 
more than 300 atoms and/or 50 rotatable bonds.  If there was a small molecule originally 
in the protein structure, it was docked (referred to as “self-docking”) and the resulting 
Gscore was recorded. 
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1.3.7 Calibrating.  Docking the NCI Diversity Set I against the VTS library 
provided a reference for each protein structure.  Statistics on the calibration dockings are 
eventually compared to the MOI docking score in the VTS.  How well a MOI ranks 
against a protein’s calibration reference is employed to determine if that protein is a hit.  
For each protein structure, a Perl script (written in-house) was employed to execute 
Schrödinger command-line utilities to calculate top-200, top-20, and Boltzmann weighted 
averages of the Gscores from the calibration dockings.  These averages served as criteria 
to determine whether a particular protein is a hit.  The formula for the Boltzmann 
weighted average, Bj, is defined with ΔGi,j as the approximate binding free energy (Glide 
docking score or Gscore, kcal/mol) for the i
th
 structure in the NCI Diversity Set I docked 
into the j
th
 protein structure in the VTS library. 
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The number of successful dockings (out of 1,875 unique structures) is also logged.  These 
statistics, along with any self-dock Gscore, are tabulated for each protein in the VTS 
library. 
 1.3.8 Virtual Target Screening.  LigPrep was used to prepare all MOIs.  A Perl 
script uses the statistics from the calibration dockings as a reference after the MOI is 
docked into each structure in the protein library.  Thus, when an MOI is docked, its 
Gscore is compared to the calibration averages.  If its Gscore is better (i.e., more negative 
than the top-200 average, top-20 average, or Boltzmann average), the protein to which it 
was docked is determined to be a hit. (See Figure1.4.) 
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1.3.9 VTS web-based interface. To facilitate the application of the VTS 
protocol, we have developed a web-based interface that provides a user friendly, quick 
and automated tool for docking MOIs into collections of user-defined proteins. The 
framework for the online VTS interface is based on the open source CHARMM interface 
and graphics
55
 (CHARMMing) package, which was originally designed to provide an 
easy to use interface to the Chemistry at HARvard Macromolecular Mechanics
56
 
(CHARMM) modeling package and force field.
57
 The underlying framework upon which 
both the VTS interface and CHARMMing are built is based on the Django engine – a 
high-level Python Web framework. 
Derived from CHARMMing, the graphical Virtual Target Screening (gVTS) 
system includes tools necessary to set up and initiate VTS experiments. Functionality 
currently implemented includes the following: 
 Maintain a library of protein grids for docking of small molecules. 
 
Figure 1.4. Scheme outlining the basic steps of the VTS system.  Each protein 
structure is first calibrated (left arrow) by docking the NCI Diversity Set I and 
calculating statistics.  The Boltzmann average, top-20 average, and top-200 average 
criteria (represented on right with “B,” “G20,” and “G200,” respectively and shown on 
a hypothetical plot of score frequency vs. ΔG).  These “average” scores determine 
protein hits for a molecule of interest (MOI).  The “” represents a hypothetical MOI 
Gscore that scored better than the top-200 and top-20 averages but not the Boltzmann 
average for the protein entry. 
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◦ User-prepared grids, based on the proteins of interest can be uploaded and 
stored in the internal database.  
◦ Ability to create custom grid sets that can represent structures specific to a 
given VTS experiment. 
 Maintain database of MOIs. 
◦ User can submit MOIs either 
by uploading the Cartesian 
coordinates or by drawing a 
molecule via a 2D chemical 
drawing interface, JChemPaint 
(jchempaint.sourceforge.net), 
which is included in gVTS. 
◦ All submitted MOIs are atom-typed and then energy minimized with 
MacroModel. 
 Initiate VTS runs and analyze results 
◦ VTS jobs can be set up with any number of MOIs against either the entire 
library of proteins or a custom created subset. 
◦ Job runtime estimation algorithm predicts an approximate execution time 
based on the number of MOIs, rotatable bonds per MOI, and number of 
screened proteins. 
◦ Job scheduling and queuing system provided by the CHARMMing interface 
allows for submission of multiple jobs and can be interfaced to popular 
queuing systems such as Torque, PBS, and sun grid engine (with slight 
 
Figure 1.5. Illustration of the JChemPaint 
applet for the input of staurosporine into 
gVTS.  
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modifications). 
◦ Complete, up to the second, information on any job currently running or run 
in the past is available and includes but is not limited to the status of the job, 
information about any resulting hits, structures being screened/hit, log, and 
output files. In addition, the user is able to visualize the docking pose of any 
MOI in a protein hit.  
 User authentication system 
◦ To ensure privacy of the data, 
the Django/CHARMMing 
based user authentication 
system in combination with 
database identifiers protects 
each user's information such 
as MOIs, protein structures, jobs, etc. and allow access only by authorized 
persons. 
The interface has been developed using the Python 2.6 programming language 
and the Django 0.96 object framework, however, future versions of CHARMMing (and 
gVTS) will fully support the latest language/framework. A MySQL 5.1.37 database is 
used to maintain system information and user generated data. Perl scripts provide the 
interface to the Schrödinger software suite. The JChemPaint Java applet is used to draw 
molecular structures. 
  
 
Figure 1.6 Illustration of the results panel 
and 3D docking pose of staurosporine in a 
kinase.  
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1.4 Results and Discussion 
 1.4.1 Kinase data set and protein hit determination.  Twenty small molecule 
kinase inhibitors were chosen as a test set for our VTS procedure.  Fabian et al. had 
previously collected data for these 20 molecules and 119 protein kinases
50
 included in a 
complete table (their Supplementary Table A4) of binding constants (Kd values if Kd < 10 
μM).  For this study, our metric compared this table of binding data with the VTS protein 
hit data on the 20 kinase inhibitors.  We gauged VTS accuracy by its ability to predict 
protein hits by reference to protein-inhibitor pairs that have Kd < 10 μM.  Of the 119 
kinases, 43 structures were available for download from the PDB allowing for 860 data 
points to be compared (Figure 1.7) of which 220 (26%) protein-inhibitor combinations 
had Kd < 10 μM. 
Among the protein hit criteria for determining a VTS hit, the top-20 average was 
optimal in this study for predicting specific kinase hits as reported, slightly better 
statistically than the Boltzmann average criterion.  “Optimal” is defined as having the 
maximum number of data points matching between VTS and experimental data.  In the 
tables at the top of Figure 1.7, the top-20 average afforded the best correlation between 
VTS hits and experimental Kd < 10 μM and VTS non-hits vs. experimental Kd ≥ 10 μM.  
The top-200 average yielded the highest hit rate (49%) for simply determining protein 
kinase-inhibitor interactions with Kd < 10 μM, but it also yielded the largest number of 
false positives and false negatives (37% vs. 28% or 30%). 
It should be noted that the activity data is based on a primary kinase screening 
assay run at 10 μM.50  VTS sensitivity (ability to predict a protein-inhibitor combination
14 
 
Top-200 Average  Top-20 Average  Boltzmann Average 
 Hit Non-hit    Hit  Non-hit    Hit Non-hit  
Kd < 10 μM 108 112 220  Kd < 10 μM 59 161 220  Kd < 10 μM 49 171 220 
Kd ≥ 10 μM 204 436 640  Kd ≥ 10 μM 80 560 640  Kd ≥ 10 μM 83 557 640 
 312 548 860   139 721 860   132 728 860 
        
   A. Top-200 Average Hits        B. Top-20 Average Hits       C. Boltzmann Average Hits 
 
Figure 1.7. Tallies (top) and matrices (bottom) for VTS protein hit 
data and Kd values reported by Fabian et al.
50
 for 860 
combinations of 43 available protein kinase structures and 20 
kinase inhibitors.  Tallies include totals in the far right and bottom 
values. Numbers and letters correspond with protein kinases and 
kinase inhibitors, respectively, as in Figure 3. 
 
to be a hit considering only reported Kd < 10 μM) is relatively low: 22%-49%.  (Here 
sensitivity is defined, from the VTS hits, as the ratio of the upper-left value to the 220 
values with Kd < 10 μM.)  However, the overall accuracies of the VTS system in 
identifying inhibitor-kinase combinations with Kd < 10 μM are 64%, 72%, and 71% for 
the top-200 hits, top-20 hits, and Boltzmann hits, respectively.  (Overall accuracy is 
15 
 
calculated from VTS hits and non-hits, upper-left and lower-right values, compared to all 
860 data points.) 
1.4.2 Results for approved drugs.  For assessing the approved drugs in our test 
set, we assumed that an ideal profile would consist of a relatively low number of overall 
protein hits while retaining a high percentage of kinase hits.  It is worth noting that 
staurosporine (while not an approved drug), a known pan-kinase inhibitor,
50
 yielded the 
top percentage of kinase hits among the 20 small molecules in all 3 protein hit criteria.  
(See Table A7 & Figure A8 in Supplementary Information for kinase hit data for all 20 
kinase inhibitors.)  Drugs included in the Fabian set of kinase inhibitors tested are 
Nexavar (BAY-43-9006), Gleevec, Tykerb (GW-2016), Iressa, Sutent (SU112448), 
Tarceva, and Zactima (ZD-6474).  The top-20 average yielded the highest percentage of 
kinase hits among the approved drugs in our study as summarized in Tables 1 & 2.  For 
the purpose of this kinase inhibitor study, an enrichment factor (EF) was calculated 
considering any protein kinase in our database to be a hit.  Since 19% of the VTS protein 
library is a protein kinase, our enrichment factor is defined as the ratio of kinase hit 
percentage to 19.  EF values for approved drug top-20 average hits (EF-20) are included 
in Table1.1.  (EF values for all 20 kinase inhibitors and protein hit criteria are in Table 
A7.)  While showing a low number of protein hits, the VTS system was able to identify 
these small molecules as having significant specificity towards kinase binding with high 
percentages of kinase hits.  Zactima’s EF-20 value is lowest, 1.7, with only 4 out of 12 
unique protein hits being kinases.  The other protein hits include a Subtilisin, Coagulation 
Factors X & XA, Thrombin, Plasminogen Activator Inhibitor Type 1, Thyroid Hormone 
Receptor α1, and Histamine Methyltransferase.  The first is a bacterial protease from B. 
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subtilis; the next 4 are related to blood clotting.  Primary targets (Table 1.2) for each of 
the seven drug molecules were found (if present in the VTS library) as top-20 average 
protein hits.  Interestingly, Zactima (Caprelsa) prescribing information includes 
monitoring thyroid-stimulating hormone for risk of hypothyroidism and  warnings of 
bleeding.
58
  Common top-20 average non-kinase hits (listed in Table A12) include 
Subtilisin, blood clotting-related proteins, Albumin, Carboxyesterases, Epoxide 
Hydrolases, HSP-90α, and Histamine Methyltransferase. 
Table 1.1.  VTS top-20 average protein kinase hit percentages for approved drugs. 
 
a
EF-20 values are calculated by dividing kinase hit percentages from the Top-20 criteria 
by the percentage of kinases in the VTS protein library: 19%. 
 
1.4.3 Multiple CDK2 structures.  The VTS library contains 146 structures of 
Cyclin-dependent kinase 2 (CDK2).  Of these, 101 grid files dock ligands into/near the 
ATP binding site.  Despite the high number, varying numbers of CDK2 hits occurred 
(from 0 to 92; Table 1.3) for the 20 kinase inhibitors among the protein hit criteria.  
Within the top-200 average VTS hits, the three inhibitors that yielded the highest number 
of CDK2 hits were SP600126, roscovitine, and flavopiridol (92, 87, and 66, respectively), 
which are higher than any of the approved drugs, ranging from 2 to 45 CDK2 hits.  
Fabian reported only these 3 molecules and staurosporine (47 hits, top-20 criteria) with 
  PROTEIN KINASE HIT PERCENTAGE  
  Top-200 Top-20 Boltzmann EF-20
a
 
A
P
P
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Nexavar (BAY-43-9006) 38 45 13 2.4 
Gleevec (Imatinib) 57 77 58 4.0 
Tykerb (GW-2016) 29 41 35 2.2 
Iressa (Gefitinib) 48 55 50 2.9 
Sutent (SU11248) 60 67 47 3.5 
Tarceva (Erlotinib) 50 67 0 3.5 
Zactima (ZD-6474) 28 33 17 1.7 
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Table 1.2.  VTS top-20 average protein hit data summary for approved drugs in kinase 
inhibitor study. 
Approved Drug Primary Target 
Primary Target 
Hit? 
 Kinase Hits
a
 
(% of Total) 
Total 
Hits
a
 
Nexavar (BAY-43-
9006) 
RAF1 N/A 5 (45%) 11 
Gleevec ABL, KIT, PDGFR Yes, yes, N/A 10 (77%) 13 
Tykerb (GW-2016) EGFR, ERBB2, ERBB4 Yes, N/A, N/A 20 (41%) 49 
Iressa EGFR Yes 12 (55%) 22 
Sutent (SU11248) 
VEGFR2, PDGFR, 
FLT3, KIT 
N/A, N/A, N/A, yes 14 (67%) 21 
Tarceva EGFR Yes 2 (67%) 3 
Zactima (ZD-6474) VEGFR2, EGFR N/A*,yes 4 (33%) 12 
a
A high percentage of kinase hits with a low number of total hits demonstrates the VTS system’s 
robust ability to predict a small molecule to be a potential lead candidate.  N/A = structure not in 
VTS protein library. 
Kd < 10 μM against CDK2. The primary target for roscovitine and flavopiridol is CDK2.  
Compound SP600125, its primary target being JNK, has been reported to act 
independently of JNK inhibition in its anti-cancer activity
59, 60
 with reported IC50 values 
of 3.96 μM and 22.2 μM for CDK2 bound to Cyclins A and E, respectively.59  When 
comparing known co-crystal structures against corresponding kinase structures, it is 
observed that the average CDK2 RMSD = 1.22±0.66 (maximum of 2.48) accounting for 
an average ligand RMSD of 5.14±2.50 (maximum of 13.16). 
Our CDK2 results suggest that having multiple structures of the same protein in 
the VTS protein library is beneficial, as might be expected since supplementing the 
Table 1.3. CDK2 hits for each of the 20 kinase inhibitors in the test set. 
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 Top-200 22 27 55 18 66 30 33 9 6 2 87 33 19 92 47 45 2 10 0 3 
Top-20 3 4 18 3 5 19 5 0 2 0 51 4 0 67 33 27 0 1 0 0 
Boltz-
mann 
0 0 6 4 13 8 8 1 2 0 36 1 3 38 21 17 0 1 0 1 
 
a
Approved drugs (grey) and compounds with the highest number of CDK2 hits (black) 
are shaded. 
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library with conformational diversity should allow for less “induced fit effect” error in 
any virtual screening method. Figure 8 presents 3 CDK2 structures of protein RMSD 
values from 1.23 to 1.70 producing cross-dockings with ligand RMSD values from 0.71 
to 6.04, representing a top-20 hit, a top-200 hit, and a non-hit. 
Multiple protein structures and the “apparent goodness of virtual screening 
results” have been discussed in detail by Sheridan et al.,61 Rockey et al.,62 and Cavasotto 
et al.
63
  Sheridan emphasized that in consideration of diverse small molecule structures, 
docking is sensitive to a single crystal protein structure.  Furthermore, adding more 
crystal structures to a docking run will increase its accuracy.  Instead of increasing the 
number of protein structures, flexible (protein) docking algorithms may be used; 
however, they are relatively slow compared to standard docking techniques, especially in 
terms of thousands of dockings per molecule as required for our VTS protein structure 
library.  Having multiple protein structures in the VTS library increases conformational 
diversity without using costly simulation methods. 
1.4.4 Kinase inhibitor pose analysis.  In order to assess how well VTS kinase 
hits compared to known inhibitor binding modes, X-ray co-crystallized structures 
matching 23 unique (35 in total) kinase-inhibitor combinations (Table 1.5) were used as 
reference structures to compare ligand poses with VTS hit data, and Gscores were 
normalized to Z-scores.  Cross-dockings (546) and 11 self-dockings were analyzed with 
these known co-crystals to correlate ligand RMSD values with VTS docking scores.  
Somewhat surprisingly, except for LCK-staurosporine (R = 0.73), all statistics generated 
from less than 10 dockings (gray area, Table 4) yielded negative correlation coefficients.  
However, only EGFR-Tarceva yielded no Top-20 hits (compared to Kd = 0.0014 μM) in 
19 
 
its 2 dockings: 1 cross-docking (PDB 1XKK
64
) and 1 self-docking (PDB 1M17).  
Inspection of each PDB structure revealed reported water molecules (which were deleted 
during preparation for VTS) hydrogen bonding a threonine residue to Lapatinib (1XKK) 
and Tarceva (1M17
65
) explaining the inability to reproduce the binding mode of Tarceva 
in EGFR and recognize I as a protein hit.  Conversely, Fabian et al. reported Kd > 10 μM 
 
   
  
B 
C D 
A 
Figure 1.8. (A) Bond-line structure of staurosporine and select VTS CDK2 docking 
poses.  Protein kinases and docked poses are compared to PDB 1AQ1 (maroon).  
Examples include a top-20 hit (B, PDB 2BPM, orange), a top-200 hit (C, PDB 3DDP, 
blue), and a non-hit (D, PDB 1PF8, brown).  Z-scores and ligand RMSD values are, 
respectively, -3.02 and 0.71Å, -2.08 and 3.72Å, 1.22 and 6.04Å.  Staurosporine and 
residues within 4Å are in stick representation.  RMSD values of the aligned kinase 
structures to PDB 1AQ1 are 1.70 (2BPM), 1.62 (3DDP), and 1.23 (1PF8).  Subtle 
differences in the active site dramatically affected docking poses. 
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for Gleevec with p38α, SRC, and SYK whereas VTS predicted all as top-20 average 
protein hits.  A literature search yielded the following Kd values: 34.0 μM for p38α, 
Namboodiri et al.;
66
 31 μM for SRC, Seeliger et al.;67 and 5.0 μM for SYK, Atwell et 
al.
68
  Karaman et al. reported binding results of Kd = 3.8 μM for SRC and Kd = 6 μM for 
SYK against Gleevec.
69
  Also found were IC50 values, ~1.2 – 7.5 μM, for Nexavar 
inhibiting EGFR in 4 different hepatocellular carcinoma cell lines.
70
 
R values (Table 1.4) for p38α-SB203580 and SRC-Gleevec are notably low: 0.08 
and 0.01, respectively.  For all 7 relevant SRC structures, the DFG loop
71
 is in its active 
position (“DFG-in”) not allowing Gleevec to be docked as in its co-crystals, PDB IDs 
2OIQ
71
 & 3OEZ
72
 where the DFG loop is in the inactive position (“DFG-out”).  The two 
reference structures for p38α-SB203580 are PDB IDs 1A9U73 and 3GCP.74  The DFG 
loop is in 2 different conformations for each of these structures while SB203580 retains 
the same binding mode in the hinge region.  In PDB 3GCP, β-octylglucoside occupies the 
DFG-in position, while DFG loop is in the inactive DFG-out position.  Further, the 
SB203580 (3GCP) is involved with Pi-stacking between Phe 169 of the DFG loop and 
Tyr 35 of the glycine-rich loop.  In 1A9U, there is only Pi-stacking between SB203580 
and Tyr 35 while the DFG-loop is in the active DFG-in position.  Correlation coefficients 
were calculated for two groupings of p38α structures, DFG-in and DFG-out, yielding R 
values of 0.61 and -0.09, respectively.  SB203580 docking modes in the p38α/DFG-out 
group were frequently in the allosteric site.  The docking modes in the p38α/DFG-in 
group depended on conformation of the glycine-rich loop and its Tyr 35 as well as the 
location of Phe 169 of the DFG loop (Figure 1.9). 
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1.4.5 Protein hit criteria analysis.  To compare hit criteria, MOI dockings were 
standardized to calibration statistics. Average Z-scores were calculated from the 169 VTS 
kinase entries associated with the ligand pose analysis.  These average Z-scores are Z = -
1.62±0.12 for the top-200 average, Z = -2.60±0.26 for the top-20 average, and Z = -
3.15±0.49 for the Boltzmann average. (See Figure A11.)  These average Z-scores 
correspond to the approximate top 5%, top 0.5%, and top 0.1%, respectively.  When the 
same statistics were evaluated for the entire VTS protein library (normally distributed,  
Table 1.4. Average ligand RMSD values for 546 cross-dockings and 11 self-dockings.   
  
TOTAL Top-20 Hits Top-200 Hits Average Hits Non-Hits R 
 
Kinase Inhibitor No. No. Average RMSD No. Average RMSD No. Average RMSD No. Average RMSD Z vs. L Kd (µM) 
ABL1 Gleevec 28 7 3.84 ± 4.67 0 --- ± --- 21 13.20 ± 1.51 0 --- ± --- 0.97 0.0022 
CDK2 Roscovitine 196a 76 3.36 ± 1.23 61 4.44 ± 2.11 59 6.25 ± 1.95 0 --- ± --- 0.57 2.9 
CDK2 Staurosporine 101 9 1.80 ± 1.10 19 4.54 ± 1.65 21 4.69 ± 1.46 52 8.26 ± 1.91 0.79 0.0081 
CDK5 Roscovitine 1 1 2.97 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   2 
CSK Staurosporine 2 2 1.14 ± 0.64 0 --- ± --- 0 --- ± --- 0 --- ± --- -1.00 0.44 
EGFR Iressa 6 3 3.43 ± 0.27 3 1.95 ± 0.45 0 --- ± --- 0 --- ± --- -0.92 0.0018 
EGFR Tarceva 2 0 --- ± --- 0 --- ± --- 2 6.36 ± 3.04 0 --- ± --- -1.00 0.0014 
FYN Staurosporine 1 1 0.47 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.051 
JNK1 SP600125 1 1 0.35 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.1 
KIT Gleevec 1 1 3.82 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.83 
KIT Sutent 2 2 9.55 ± 3.32 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.00071 
LCK Gleevec 4 1 12.21 ± --- 3 12.30 ± 0.68 0 --- ± --- 0 --- ± --- -0.39 0.062 
LCK Staurosporine 4 4 8.86 ± 0.26 0 --- ± --- 0 --- ± --- 0 --- ± --- 0.73 0.02 
P38A Nexavar 56 20 5.77 ± 4.03 12 10.46 ± 4.27 20 10.21 ± 3.85 4 8.16 ± 0.50 0.40 0.26 
P38A BIRB796 28 9 3.01 ± 2.70 4 9.85 ± 1.62 12 10.76 ± 3.10 3 11.42 ± 3.95 0.78 0.00024 
P38A Gleevec 28 6 4.39 ± 0.37 4 10.30 ± 4.00 17 11.22 ± 1.88 1 13.35 ± --- 0.74 >10 
P38A SB203580 56 18 9.81 ± 6.07 18 5.75 ± 3.14 20 9.62 ± 7.41 0 --- ± --- 0.08 0.017 
PIM1 LY333531 12 1 0.88 ± --- 3 3.31 ± 3.50 7 4.32 ± 1.89 1 6.48 ± --- 0.58 0.055 
PIM1 Staurosporine 12 1 1.01 ± --- 3 4.05 ± 1.91 7 4.90 ± 2.21 1 2.40 ± --- 0.42 0.015 
SRC Gleevec 14 8 11.87 ± 1.21 4 12.31 ± 2.80 2 9.91 ± 0.03 0 --- ± --- 0.01 >10 
STK16 Staurosporine 1 1 0.40 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.2 
SYK Gleevec 1 1 4.44 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   >10 
SYK Staurosporine 1 1 0.70 ± --- 0 --- ± --- 0 --- ± --- 0 --- ± ---   0.007 
The last column contains correlation coefficients for Z scores vs. ligand RMSD values.  
Dockings with N < 10 are in gray.  The last 2 columns show correlation coefficients for Z 
score vs. ligand RMSD values and also Kd values reported by Fabian et al.  
a
Six dockings 
were not successful. 
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Table A16), the resulting values were -1.81±0.51, -2.90±0.73, and -3.37±1.07, roughly 
equivalent to the top 5%, top 0.2%, and top 0.05%.  These values were lower than the 
subset of VTS kinase entries. That is, the calibration on the NCI Diversity Set, a set of 
weak or better binders, yielded average hit criteria with lower (better) benchmarks than 
the subset of kinases.  The top-200 hits consisted of approximately 3,300 (non-unique) 
docking poses, 11% of all 29,400 dockings.  There were 890 top-20 hits, 3% of all 
dockings.  However, the average normalized docking score for the top-200 average
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Figure 1.9. (A) Bond-line structure of SB203580 and select VTS p38α docking 
poses.  Protein kinases and docked poses are compared to PDB 3GCP (green).  
Examples include a top-20 hit (B, PDB 1OZ1, blue), a top-200 hit (C, PDB 1DI9, 
purple), and a non-hit (D, PDB 2BAL, yellow).  Z-scores and ligand RMSD values 
are, respectively, -2.66 and 1.79Å, -1.99 and 3.49Å, -0.12 and 9.81Å.  SB203580, the 
DFG loop (DFG-in position), and Tyr35 are in stick representation.  The activation 
loop is off-colored with PDB 2BAL missing 12 residues (D, pink).  Note the 
influence of Tyr35 on the glycine-rich loop above the docked poses. 
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 protein hits, -2.35, is approximately the top 1%.  Therefore, the top-200 hits of the kinase 
inhibitors scored, on average, in the 98
th
 percentile, which is reasonable since our test set 
is a group of known inhibitors.  It is not surprising that the top-200 criteria, the 
approximate top 5% cutoff, produced too many hits with a low kinase percentage of 8%, 
compared to 60% in the top-20 hits, unable to distinguish protein hits from the “noise.”  
This noise influenced the top-200 hits such that the false negatives and false positives 
rates were higher than the top-20 and Boltzmann hits as mentioned earlier.  For future 
studies, analysis of these (and perhaps other) statistical measures would help ensure more 
robust criteria for VTS to effectively produce protein hits. 
1.5 Conclusions and Future Directions 
Our VTS system results on the kinase inhibitor test set have shown promise in the 
ability to characterize pan-kinase inhibitors, research compounds, and approved drugs.  
Our calibration procedure, though admittedly not fully optimized, was able to predict 
inhibitor-kinase binding affinities when Kd < 10 μM and Kd ≥ 10 μM are both considered 
(72% accuracy in the best case).  Thus our VTS system is able to robustly discriminate 
protein binders from non-binders.  It must be emphasized that a viable VTS system must 
be able to produce a reasonable signal-to-noise ratio which we submit we have 
accomplished with the top-20 average criteria.  It is insufficient to simply find true 
protein hits if the concomitant false positive and false negative hit rates are high.  Thus, 
when one inspects out VTS results for bona fide hits and non-hits, the predictions using 
the top-20 average criterion are correct 72% of the time.  We believe the inclusion of 
multiple copies of a protein structure contributed to VTS accuracy.  Taken together, VTS 
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offers a relatively rapid and accurate prediction of a given MOI’s potential to bind to 
proteins that may not have been previously considered as one of its targets. 
It is clear that the success of our VTS methodology relies on the calibration 
dockings with the NCI Diversity Set I and addition of multiple copies of protein 
structures.  We conclude that the rigid body bias inherent to virtual screening using a 
single protein structure can be decreased in our VTS system for two reasons.  First, the 
structures used in the calibration set are likely to be influenced by protein conformational
Table 1.5. X-ray co-crystal structures for ligand conformation analysis of VTS kinase 
inhibitor study. 
 
  Kinase Inhibitor Co-crystal (PDB ID) 
1 ABL1 Gleevec 3K5V 1OPJ 3MS9 3PYY 3MSS 1IEP 2HYY 
2 CDK2 Roscovitine 2A4L 3DDQ 
     3 CDK2 Staurosporine 1AQ1 
      4 CDK5 Roscovitine 1UNL 
      5 CSK Staurosporine 1BYG 
      6 EGFR Iressa 2ITO 2ITY 2ITZ 
    7 EGFR Tarceva 1M17 
      8 FYN Staurosporine 2DQ7 
      9 JNK1 SP600125 1UKI 
      10 KIT Gleevec 1T46 
      11 KIT Sutent 3G0E 
      12 LCK Gleevec 2PL0 
      13 LCK Staurosporine 1QPJ 
      14 P38A Nexavar 3HEG 3GCS 
     15 P38A BIRB796 1KV2 
      16 P38A Gleevec 3HEC 
      17 P38A SB203580 3GCP 1A9U 
     18 PIM1 LY333531 2J2I 
      19 PIM1 Staurosporine 1YHS 
      20 SRC Gleevec 2OIQ 3OEZ 
     21 STK16 Staurosporine 2BUJ 
      22 SYK Gleevec 1XBB 
      23 SYK Staurosporine 1XBC 
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bias in a manner similar to the MOI.  In general, molecules in the NCI Diversity Set with 
structural features similar to the MOI are likely to dock similarly and thus score similarly, 
reducing error in a systematic manner.  Second, by incorporating multiple structures for 
proteins, conformational diversity may be increased among entries in the VTS protein 
database.  Our CDK2 study indicated that even with 101 relevant protein structures (36 
CDK2 grid files were not centered about the ATP binding site), known CDK2 binders 
were ranked as hits from 0 to 91% of the CDK2 proteins.  Also, careful consideration is 
necessary when choosing more structures.  For example, adding p38α structures having 
the DFG-out conformation should help enhance p38α dockings.  Finally, it is know that 
docking scores and activity of a congeneric series of molecules in a specific protein target 
can correlate well (e.g., the work of Pauly et al.
75
). However, using only a set of closely 
related proteins would be counterproductive in the VTS context.  On the other hand, 
using ranking of an MOI relative to average scores generated from the prior calibration of 
each protein has proved to be an effective strategy in separating signal from noise in 
VTS.  This can be further enhanced by statistics on the normalized docking scores to 
determine proper hit criteria. 
Although the top-20 average is optimal in determining protein hits over the top-
200 and Boltzmann averages, future work will test the proposed optimization of protein 
hit criteria.  MOI ligand similarity and ligand efficiencies of the calibration dockings will 
be investigated in order to minimize false positives and false negatives.  Moreover, 
conformational diversity should be increased by adding more available PDB structures 
per protein, when available.  MD simulations or other methods for generating ensembles 
of protein conformations could also be employed.  Careful additions to the protein 
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structure library as well as further small molecule test sets will be used to test VTS 
efficacy in determining toxicity, promiscuity, and narrowing focused libraries.  Further 
validation of the VTS system in comparison with other available experimental data 
besides kinases is in progress. 
1.6 Associated Content, Supporting Information 
VTS library composition and kinase inhibitor information including protein hit 
listings as well as ligand pose analysis data.  This material is available free of charge via 
the Internet at http://pubs.acs.org. 
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Chapter Two 
Low-mode Docking and CDK2 
2.1 Introduction 
Approximating protein-ligand affinity is a topic of interest in the recent literature, 
especially in accounting for receptor flexibility.  While ligand conformational space may 
be sampled sufficiently for small molecules, current efforts are focused on producing 
pertinent protein conformations to simulate the induced fit between a protein and ligand 
to achieve accurate ligand poses.  Yuriev et al.
76
 reviewed advances in flexible receptor 
docking including techniques such as Monte Carlo (MC) simulation and rotamer 
libraries,
77-82
 receptor ensembles by molecular dynamics (MD),
83, 84
 and use of multiple 
receptor conformations.
85, 86
  Central to several techniques, normal mode analysis (NMA) 
is used to provide a suitable model of protein-ligand interaction with various perturbed 
protein conformations. 
NMA has been used since 1983
87
 to investigate biological systems by generating 
protein conformations including recent studies of β-site amyloid precursor protein-
cleaving enzyme 1 (BACE1),
88
 adenylate kinase and hemoglobin,
89
 p38 map kinase,
90
 
cyclin dependent kinase 2 (CDK2),
91
 and membrane proteins.
92
  The appeal of NMA has 
been its relatively quick calculations to fundamentally describe such macromolecular 
events that occur on the timescale of milliseconds,
93
 which in MD simulation time is 
computationally expensive.  In approximating the low-frequency modes of vibration, 
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large-scale motions can be distinguished (from high-frequency local motions like 
hydrogen bond vibrations), albeit decoupled motions.  Limitations of NMA may include 
formation or deformation of secondary structure from binding events as in the case of 
disordered proteins (that are being studied by coarse-grained modeling
94
).  Further, NMA 
calculations are performed in vacuo with a necessary energy minimized structure, which 
may perturb the structure a few Angstroms from crystallographic data.  Despite distorted 
initial structures and vacuum conditions, Tama and Sanejouand remarked that NMA has 
revealed that one or a few low-frequency normal modes may account for biologically 
significant protein domain motions.
95
  Interpretation
96
 and, specifically, determination of 
important normal modes has been discussed in terms of residue fluctuations based on a 
collection of low-frequency normal modes
97
 (named “normal mode spectra”), biased 
simulations on known structures,
98
 and inclusion of all atoms.
91
  (Several methods
98-101
 
calculate normal modes with the coarse-grained elastic model approach,
102-104
 which only 
considers Cα backbone atoms.) 
We introduce a protocol, which we call “Low-mode Docking,” to determine low-
frequency normal modes of vibration, which are sometimes called “low-modes,” that can 
potentially yield docking poses that are better than traditional cross-docking poses when 
compared to X-ray co-crystallographic ligand poses.  Due to the vast number of available 
structures, our test set was 40 inhibitors of CDK2 (Table 2.1) for which there are X-ray 
co-crystal structures available.  NMA was performed on a ligand-less structure of CDK2 
bound to Cyclin A (Cyclin A), PDB 1H26,
105
 to produce an ensemble of conformers in 
which to dock.  A ligand-less structure is not a usual choice for virtual screening, and 
sometimes a bound ligand is necessary to produce an X-ray crystal structure.  However, 
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we believe that using PDB 1H26 eliminated the bias from the induced fit of a bound 
ligand therefore reducing bias towards the docking of dissimilar ligand structures. 
For comparison, cross-dockings (XD) into the original CDK2 structure of PDB 
1H26 and self-dockings (SD), docking each of the 40 inhibitors into its indigenous 
receptor, were performed.  In drug discovery, receptor coordinates used for virtual 
screening are first self-docked, where the ligand molecule coordinates in the co-crystal 
structure (if any) is docked into the receptor structure.  Understandably, the cross-
dockings and low-mode dockings do not directly apply since the coordinates used are 
original and perturbed coordinates, respectively, of PDB 1H26; however, it was used as a 
docking control.  That is, these self-docking poses will most likely have the closest 
coordinates to the X-ray ligand pose, which we use as our standard of measure.  Further, 
the focus of this work is to reduce conformational bias in docking, specifically from the 
use of a static (or single) receptor coordinates in virtual screening.  The accuracy of the 
docking score is not in question here; in fact, the docking score is used to rank our low-
mode docking poses. 
2.2 Methods 
2.2.1 Software. All programs used were part of the Schrödinger Molecular 
Modeling Suite (http://www.schrodinger.com).  Perl scripts were created for file 
manipulation, tasks, and analysis to carry out myriad commands at a time including 
separation and preparation of conformers, low-mode docking, and RMSD calculations. 
2.2.2 Structure selection. CDK2 structures were chosen based on missing 
residues, resolution (less than 2.60 Å), cyclin structures, and bound ligands (Table 3.1).  
CDK2 structures, if bound to a cyclin, were most abundant with Cyclin A.  Further,
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Table 2.1. Bond-line structures of ligand molecules in chosen 40 CDK2 co-crystals. 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
1H1P
106
 
RES: 2.10 Å 
2002 
Cyclin A 
IC50: 17000 nM 
Ki: 1200-12000nM 
 
1H1Q
106
 
RES: 2.50 Å 
2002 
Cyclin A 
IC50: 970-2300 nM 
IC50: 1000 nM 
 
1H1R
106
 
RES: 2.00 Å 
2002 
Cyclin A 
IC50: 2300 nM 
 
1H1S
106
 
RES: 2.00 Å 
2002 
Cyclin A 
IC50: 5.4-120 nM 
Ki: 6 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
1JVP
110
 
RES: 1.53 Å 
2001 
IC50: 1600 nM 
 
1PKD
111
 
RES: 2.30 Å 
2003 
Cyclin A 
Ki: 30 nM 
 
1PYE
112
 
RES: 2.00 Å 
2003 
IC50: 324 nM 
IC50: 320 nM 
Ki: 386 nM 
 
1VYW
113
 
RES: 2.30 Å 
2004 
Cyclin A 
IC50: 37-92 nM 
IC50: 37 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
1Y8Y
114
 
RES: 2.00 Å 
2004 
IC50: 2000 nM 
 
1YKR
115
 
RES: 1.80 Å 
2005 
IC50: 560 nM 
 
2A4L
116
 
RES: 2.40 Å 
2005 
IC50: 0.6-700 nM 
Kd: 2900-3.4E06 nM 
Ki: 250 nM 
IC50: 400 nM 
 
2B52
117
 
RES: 1.88 Å 
2005 
IC50: 8 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2B53
118
 
RES: 2.00 Å 
2005 
IC50: 600 nM 
 
2B55
119
 
RES: 1.85 Å 
2005 
IC50: 96 nM 
 
2BKZ
120
 
RES: 2.60 Å 
2005 
Cyclin A 
IC50: 0.3 nM 
IC50: 7 nM 
 
2BPM
121
 
RES: 2.40 Å 
2005 
Cyclin A 
IC50: 11 nM 
IC50: 2 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2BTR
122
 
RES: 1.85 Å 
2005 
IC50: 95 nM 
 
2BTS
122
 
RES: 1.99 Å 
2005 
IC50: 20 nM 
 
2C6I
123
 
RES: 1.80 Å 
2005 
IC50: 11000 nM 
 
2CCH
124
 
RES: 1.70 Å 
2006 
Cyclin A 
 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2DUV
125
 
RES: 2.20 Å 
2006 
IC50: 87 nM 
 
2EXM
126
 
RES: 1.80 Å 
2005 
Ki: 78000  nM 
 
2FVD
127
 
RES  1.85: Å 
2006 
Kd: 0.53 nM 
Ki: 3 nM 
 
2G9X
128
 
RES: 2.50 Å 
2006 
Cyclin A 
IC50: 45 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2IW8
129
 
RES: 2.30 Å 
2006 
Cyclin A 
IC50: 5.4-120 nM 
IC50: 103 nM 
 
2J9M
130
 
RES: 2.50 Å 
2006 
IC50: 140 nM
130
 
 
2R3F
131
 
RES: 1.50 Å 
2007 
IC50: 500 nM 
 
2R3I
131
 
RES: 1.28 Å 
2007 
IC50: 1000 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2R3Q
131
 
RES: 1.35 Å 
2007 
 
 
2UZO
132
 
RES: 2.30 Å 
2007 
IC50: 27000 nM 
IC50: 18000 nM 
 
2V0D
132
 
RES: 2.20 Å 
2007 
 
 
2W05
133
 
RES: 1.90 Å 
2008 
IC50: 1-<3 nM 
IC50: 1 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
2W17
134
 
RES: 2.15 Å 
2008 
IC50: 2 nM 
 
2WIH
135
 
RES: 2.50 Å 
2009 
Cyclin A 
IC50: 45-363 nM 
IC50: 45 nM 
 
3BHT
136
 
RES: 2.00 Å 
2007 
Cyclin A 
IC50: 11 nM 
 
3BHU
136
 
RES: 2.30 Å 
2007 
Cyclin A 
IC50: 3 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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Table 2.1. (continued) 
PDB CODE Binding Affinity
a 
to CDK2 
Structure 
3BHV
136
 
RES: 2.10 Å 
2007 
Cyclin A 
IC50: 80 nM 
 
3DDQ
137
 
RES: 1.80 Å 
2008 
Cyclin A 
IC50: 0.6-700 nM 
Kd: 2900-3.4E6  nM 
Ki: 250 nM 
IC50: 28000 nM 
IC50: 210 nM 
 
3EZR
138
 
RES: 1.90 Å 
2008 
IC50: 10000 nM 
 
3EZV
138
 
RES: 1.99 Å 
2008 
IC50: 1040 nM 
 
a
As provided by the PDB from either of Binding DB,
107
 Binding MOAD,
108
 or 
PDBbind.
109
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CDK2 is 10
5
 times more active when bound to Cyclin A,
139
 so our collection consisted of 
16 structures bound to Cyclin A and 24 structures without Cyclin A.  The CDK2 structure 
used for NMA was PDB 1H26, which was ligand-less and bound to Cyclin A; the 11-
residue recruitment peptide from p53 bound to Cyclin A was deleted.  This CDK2/Cyclin 
A complex was the only structure used for the cross-dockings and NMA.  Complexes 
with inhibitors, aligned to PDB 1H26, were later used to measure docking accuracy. 
2.2.3 Structure preparation. All proteins were downloaded from the Protein 
Data Bank
140
 (PDB).  For structures with multiple copies of the protein in the asymmetric 
unit, structures with the lowest B-factors were kept.  From these receptors, only Cyclin A 
and the ligand (if any of these were present) were kept for further processing.  Structures 
were viewed in Maestro 9.1
54
 and prepared with the Protein Preparation Wizard
141
 
(PPW), which uses Epik 2.1
142-144
 for protonation states (7 ± 2 pH units), Impact 5.6
145, 146
 
for minimization, and Prime 2.2
147-150
 for missing residues (only small loops).  PPW was 
also used to delete water molecules and ghost atoms (alternate positions) while assigning 
atom types and bond orders.  Hydrogen bonding was optimized with the exhaustive 
sampling option, and structures were minimized with the OPLS 2001
151
 force field at the 
default convergence criteria of a maximum atom displacement of 0.3 Å.  After this 
process, all complexes were aligned to PDB 1H26. 
The 40 ligand structures were extracted and prepared with LigPrep 2.4,
152
 which 
generated protonation states with Epik as described above, created tautomers, and 
removed structures with intra-molecular salt bridges.  No stereoisomers were generated 
yielding 115 total structures for docking. 
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Figure 2.1. General features of CDK2 (cyan) and Cyclin A (orange) from PDB 1H26 
with phosphorylated Thr 160 (CPK).  The active site is represented by a transparent 
molecular surface (violet) created from the space occupied by the alignment of 40 co-
crystallized ligands used in the study. 
 
Figure 2.2. Overlay of original CDK2 (cyan and orange), PDB 1H26, and minimized 
(purple) structures; RMSD = 0.78 Å.  Phosphorylated Thr 160 is shown in CPK 
representation, and the p53 recruitment peptide (not shown) was deleted before 
minimization. 
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Figure 2.3. Cartoon representations of minimized pre-NMA (left) and post-NMA (right) 
CDK2-Cyclin A structures.  Extreme conformers of the motions for all 54 normal modes 
were superimposed to generate the post-NMA structure. 
 
 
Figure 2.4.  Selected frames of Normal Mode 10, CDK2-Cyclin A complex.  A close-up 
of the active site (right) shows Frames 1 (cyan), 4 (orange), 11 (green), 18 (yellow), and 
21 (light purple) to highlight relative motions (red arrows) in the active site for Mode 10. 
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2.2.4 Normal mode analysis. Before performing normal mode analysis (NMA), 
the CDK2/Cyclin A complex structure was minimized using the limited-memory 
Broyden-Fletcher-Goldfarb-Shanno
153
 (LBFGS, due to the large system of atoms) 
minimization algorithm to a energy gradient criterion of 0.01 kJ/mol.  Cα RMSD of the 
resulting minimized structure was 0.78 Å.  For NMA, parameters in a command (COM) 
file included the use of LBFGS for the energy minimization, an energy criterion of 0.01 
kJ/Å•mol, the generation of 54 normal modes, an articulation of 20 unique structures per 
mode, and a maximum displacement constraint of 10 Å.  The default of 5 Å for the 
maximum atom displacement constraint was observed in past work (unpublished) to 
prohibit the generation of significant motion for large proteins.  This COM file was used 
as command-line input for MacroModel 9.8
39, 154
 to generate large-scale low-frequency 
normal modes of vibration using the VBR2
155
 function that utilizes the ARPACK
156
 
module to approximates eigenvalues of the Hessian in order to calculate eigenvectors.  
VBR2 has been used to investigate large-scale motions of HIV integrase,
157
 purine 
nucleotide phosphorylase
158
 (PNP), and c-Jun N-terminal kinase 3
159
 (JNK3). 
For each normal mode, 20 unique structures, which we call “frames,” were 
calculated where 2 sets of 10 unique frames describe the opposite motions of the 
associated eigenvector from the original minimized structure.  Keeping the original 
minimized structure as a reference in each articulated motion, each low-mode consisted 
of 21 frames numbered from 1 to 21 such that frames 1 and 21 are the conformers at the 
extremes of the motion, and frame 11 is the original minimized pre-NMA structure.  (See 
Figure 2.4 for visualization of select frames for Mode 10.)  In total, 1080 (54 modes by 
20 frames unique conformers were calculated for docking; however, accounting for the 
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54 equivalent Frame 11 structures gives a total of 1134 structures (row 11 in data 
matrices).  The 1134 frames were compared to all 40 co-crystal complexes and the 
original structure, PDB 1H26.  RMSD values were also calculated for Cα atoms from 
Frames 1 and 21 for each mode, per residue and as a residue average per mode (image of 
Table 2.2).  These RMSD values per residue for all 54 normal modes are reported in 
Appendix B. 
2.2.5 GLIDE docking. Several sets of grid files were generated with GLIDE:
160, 
161
 the CDK2/Cyclin A structure for cross-docking, the 40 CDK2 co-crystal receptors for 
self-docking (SD), and the 1081 NMA-generated receptors for low-mode docking (LD).  
Additionally, grid files for the structure from PDB 1H26 were created for cross-dockings 
(XD). A Perl script was written to automate grid files generation by first creating a job 
input file with appropriate parameters.  With the aligned structure of PDB 2CCH
162
 to the 
NMA structure (PDB 1H26), the centroid coordinates of the ATP molecule in PDB 
2CCH was used to define the active site in the grid files.  ATP is a natural substrate of 
CDK2, and most inhibitors partially or completely occupy the ATP binding site.  The 
ligand diameter midpoint lengths (x-, y-, and z-coordinates) were increased from 10 Å to 
14 Å to account for motions of the low-modes and alternate nearby binding sites.  When 
called, the script called command-line functions on the job input files to generate all grid 
files.  Lastly, resulting dockings were sorted to only include 1 pose per ligand per frame 
yielding a total of 45360 (40 ligands  1134) low-mode poses and their docking scores 
(Gscores).  All low-mode dockings were first docked under standard precision (SP) 
settings for GLIDE then extra precision (XP) settings.  Cross-dockings also followed this 
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docking scheme; however, SP poses yielded better overall RMSD values, so SP poses 
were used for XD RMSD calculations with the X-ray poses. 
Figure 2.5. Average RMSD values vs. normal modes.  Cα are in blue, and heavy atoms 
are in red. 
 
Table 2.2. Protein residue analysis for Mode 10. 
M
o
d
e 
1
0
 
 
 
Cα RMSD values (Å) for each residue of Mode 10 with image to show regions of motion: 
purple, 0.0- 0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 
Å; red, more than 3.0 Å.  The red line separates CDK2 residues (left) from Cyclin A 
residues (right).  Active site loops are highlighted (green box and arrows) including the 
DFG loop (blue arrow).  All modes with this data may be seen in Appendix B. 
 
  
0
0.5
1
1.5
2
2.5
3
3.5
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
Active Site Loops 
47 
 
Table 2.3. XD and LD poses compared to PDB 1H1P. 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
1
H
1
P
 
 
5.34 Å 
 
4.65 Å 
 
1.12 Å 
X-ray poses in cyan; all 40 ligands may be seen in Appendix D. 
 
 
 
Figure 2.6. Key for ligand RMSD heat maps (for Figure 3.7, Appendix C). 
 
 
 
Figure 2.7. Ligand RMSD matrix for CDK2 LD of PDB 1H1P.  All 40 RMSD heat maps 
are in Appendix C. 
  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 5 1 5 5 5 5 5 5 4 5 6 5 5 3 5 7 5 8 5 5 5 5 3 7 7 8 5 5 7 4 5 3 5 8 5 5 5 5 5 5 5 4 5 2 5 5 5 3 7
2 5 5 5 5 5 5 3 5 5 5 5 5 5 5 5 7 5 5 3 5 5 6 5 5 5 5 5 7 7 7 5 5 5 5 5 5 4 8 5 5 5 5 5 4 5 2 5 5 5 5 5 5 8
3 5 5 5 5 5 5 5 5 5 6 2 5 5 3 5 7 5 5 5 5 5 5 8 5 5 5 5 5 7 7 5 5 5 5 4 5 5 5 5 5 5 5 5 5 3 5 5 5 3 5 5 4 1 8
4 5 5 5 5 5 5 5 5 5 5 5 5 5 2 5 7 2 5 4 5 5 5 8 4 5 5 5 5 5 7 5 4 5 5 4 5 4 4 5 5 5 6 5 5 2 5 2 5 5 5 5 4 5 8
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 5 5 8 2 5 5 5 5 7 7 5 5 3 5 4 5 5 4 5 5 5 5 5 5 5 5 2 5 5 2 5 5 7 7
6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 6 5 5 5 5 4 6 7 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7
7 5 5 5 5 5 5 5 5 4 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 3 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7
8 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 3 5 4 5 2 5 5 5 5 5 5 5 5 6 4 5 5 5 5 5 5 5
9 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
10 5 5 5 6 5 5 5 5 5 5 5 6 5 5 5 5 5 6 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5
13 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
14 5 5 5 5 5 5 5 5 5 5 7 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 7 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5
15 5 5 5 5 5 5 5 5 7 4 6 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7 5 7 6 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 6
16 5 5 5 5 5 5 5 5 5 5 6 5 5 7 5 5 6 5 6 5 5 5 5 5 8 5 5 5 4 5 5 5 5 5 7 2 7 8 3 5 5 5 5 5 5 5 7 5 5 5 5 5 5 3
17 5 5 5 5 5 5 5 5 5 4 7 5 7 8 5 3 6 6 6 5 5 5 5 5 8 5 5 5 4 5 5 5 5 5 9 5 7 8 5 5 5 5 5 5 5 5 7 5 5 5 7 5 5 4
18 5 5 5 5 5 5 5 5 5 5 8 5 5 7 5 5 6 6 7 5 5 5 5 6 7 5 5 5 5 5 5 7 5 5 9 5 7 7 5 5 5 5 7 5 6 5 7 5 5 7 2 8 5 5
19 5 5 5 5 5 5 5 5 7 4 8 5 7 8 5 5 4 6 8 3 5 5 7 7 5 5 5 5 5 5 7 5 5 10 5 8 7 5 5 5 5 5 5 5 4 7 5 5 5 5 6 9 1
20 5 5 6 5 5 5 5 2 7 4 7 5 7 8 5 3 8 7 7 5 2 5 5 5 6 5 5 5 5 5 5 8 5 5 11 5 7 7 2 5 5 5 5 5 5 5 7 5 5 5 5 6 1 1
21 5 5 6 5 5 5 5 5 8 4 8 5 5 8 5 3 6 6 7 5 5 5 5 6 7 1 5 6 2 6 5 7 5 6 11 5 8 7 5 2 5 5 5 5 6 5 5 5 4 5 5 6 2 7
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X-ray: 1H1P, Min.: 0.98 Å, Max.: 2.07 Å, Avg.: 1.23±0.13 
 
 
Figure 2.8. Low-mode frames vs. X-ray pose analysis for PDB 1H1P.  The matrix 
represents RMSD values for 54 modes (columns) and their 21 frames (rows).  The 
bottom 10% of RMSD values are in green.  All low-mode frame vs. X-ray pose data for 
the 40 ligands may be viewed in Appendix E. 
 
2.2.6 Low-mode docking evaluations. The low-mode poses and frames were 
compared to X-ray structures.  Data for all 40 co-crystals and PDB 1H26 comparisons 
may be viewed in Appendices B – F.    Evaluations of all docking sets were measured by 
heavy atom (non-hydrogen) distance RMSD compared to X-ray ligand poses 
(Appendices C and D).  Ligand RMSD distributions among the normal modes were 
reported in the form of heat maps (Appendix D).    For the 1134 frames, each of the 40 
receptors from the co-crystal complexes were compared (Cα RMSD, Appendix E).  To 
easily evaluate if the low-mode frames corresponded to the low RMSD values, only the 
bottom 10% of RMSD values was reported for each comparison of the low-mode frames 
with a particular co-crystal receptor. 
The active site was also investigated to assess the local environment of the ligand 
poses in the low-mode frames.  Only frames with ligand poses, which had the lowest 
RMSD or lowest Gscores, were evaluated.  To discern important residues in the active 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 1 2 1 2 1 1 2 1 1 1 2 1 2 2 1 1 1 1 2 1 1
2 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 2 1 1 1 1 2 1 1 1 2 1 2 2 1 1 1 1 2 1 1
3 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1
4 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1
20 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 2 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 2 1 2 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1
21 1 1 1 1 1 1 2 1 1 2 1 1 1 1 1 2 2 1 1 1 1 1 1 1 2 1 1 1 1 1 2 2 1 1 2 1 2 1 1 1 1 1 1 1 1 2 2 1 1 1 1 2 1 1
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site, all residues within 5 Å of all 40 inhibitors were considered, and heavy atom distance 
RMSD values were calculated.  While difficult to view (and gauge) as a 2-dimensional 
image, an active site contact map was devised (Figure 2.9) to qualitatively determine 
contacts with each ligand pose.  The resulting list consisted of 45 amino acids, which 
when placed on a 9 row by 5 column grids, can approximate the 3-dimensional contact 
space in 2 dimensions.  Moreover, the fit was scrutinized creating a molecular surface 
with Maestro, which also calculated the surface area, utilizing its intersection option.  The 
intersection option calculates only the surfaces where two defined molecules overlap.  To 
accurately calculate an intersection surface that represented the contact area, the default 
parameter for van der Waals scaling was increased from 1.0 to 1.4 to adequately cover all 
contacts, which were viewed in Maestro to ensure proper coverage.  Surface areas, 
contact residues and orientations were compared (Appendix F). 
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I10 G11 E12 G13 T14 
K9 K20 V18 V17 Y15 
E8 A31 L32 K33 G16 
F82 E81 F80 L78 I35 
L83 I135 L66 L55 E51 
H84 L134 V64 I63 F146 
Q85 L133 I143 A144 D145 
E86 N132 Q131 K129 G147 
E92 K89 K88 T165 L148 
  
Figure 2.9. Reduction scheme (A) of contact 
residues of 40 co-crystallized ligands in CDK2 
(B) simplified to a contact mapping (C).  
Surface of all 40 ligands (yellow) and stick 
representation of the DFG loop (B, magenta, 
residues 145-147) are shown.  Contiguous 
amino acids are bordered in the mapping, and 
the colorings are solely used for contiguous 
sequences. 
A 
B C 
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Table 2.4. Active site analysis of Ligand 1H1P.  
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 40, Frame 20 vs. 
1H1P RMSD = 1.66 Å 
g b b b 
 
  
g b 
 
 
g y y 
 
g g g y 
 
g 
   
y 
g g g 
 
y 
g 
  
g g 
g g g b 
 
 
g 
   
 
 
Active Site RMSD = 1.83 Å 
Surface AreaX-ray = 374Å
2
 
Surface AreaLM = 351Å
2
 
Key for the mapping: blue, X-ray only; green, both X-ray and low-mode; yellow, low-
mode only.  Contiguous amino acids are bordered in black.   
 
2.3 Results and Discussion 
2.3.1 Low-mode dockings vs. X-ray ligand poses. In addition to the low-mode 
dockings (LD) and cross-dockings (XD), self-dockings (SD) were also performed.  
RMSD values against 40 X-ray ligand poses were collected for LD, XD, and SD (Tables 
2.6A and 2.6B, Appendix D).  Comparisons with X-ray coordinate data have shown that 
these low-mode dockings can produce low root-mean-square deviations (RMSD) of 
heavy atom distances: 1.82 ± 1.20 Å.  However, using the docking score as a metric 
yielded a slightly worse average RMSD = 3.87 ± 2.07 Å, but better than the average 
cross-docking RMSD value, 5.89 ± 2.33 Å.  Thus the net benefit, on average, is about 2 
Å.  Interestingly, distributions of the normal modes from the poses used to calculate the 
aforementioned averages suggest that normal modes significant to ligand binding are 
specific to a given ligand molecule.  For LD, two sets of RMSD values were calculated: 
poses from minimum Gscore, LDGS, and poses from minimum RMSD, LDMR. 
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Overall, 80% of RMSD values, when compared to the X-ray ligand pose, were 
lower for LD against XD.  Where LD was outperformed by XD (20%), all but 1 (2R3Q) 
of the 8 cases had a difference in RMSD of less than 1 Å.  If the rotation of a solvent-
exposed group is discounted in the RMSD calculation for 2R3Q, the resulting RMSD 
value would be less than 1 Å (+0.17 Å).  Further, a total of 5 such cases occurred where 
the omission of a rotation of solvent exposed groups resulted in a low RMSD values 
ranging from 1.12 to 2.71 Å (Tables 2.6A and 2.6B, parenthetical values).  Remarkably, 
LD performed better than SD in 9 cases (22.5%). 
Ligand RMSD distributions were reported in the form of heat maps (Appendix 
C).  For convenience, the example of PDB 1H1P is given here; PDB 1H1P is a good 
example of low-mode docking succeeding over cross-docking although the low-mode 
pose with the lowest RMSD was not determined with the lowest Gscore.  The low-mode 
docking of 1H1P achieved a docking pose with RMSD = 1.12 Å when compared to the 
X-ray pose; however, the lowest Gscore yielded RMSD = 4.65 Å, which was lower than 
the cross-dock RMSD = 5.34 Å (Table 2.3).  The ligand RMSD distribution for 1H1P 
revealed a low number of conformers under 3 Å with no areas of concentration of low 
RMSD values (Figures 2.6 and 2.7).  Comparisons with the protein RMSD distributions 
have no obvious trends and will be discussed in the next section. 
2.3.2 Normal modes of the CDK2-Cyclin A complex. The low-mode frames of 
CDK2-Cyclin A were analyzed by residue (Appendix B), total structure (Figure 2.5) and 
comparison to 40 X-ray receptors corresponding to the X-ray ligand poses (Appendix E).  
A general trend is observed affirming our choice of a maximum atomic displacement of 
10 Å (2.2.4).  For those X-ray protein structures that had RMSD averages greater than 1 
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Å when compared to the low-mode frames, the extreme frames (frames 1 and 21, top and 
bottom rows of the heat maps) were closer in RMSD whereas for those structures with 
protein RMSD averages around 1 Å or lower, the frames closer to the original structure 
(frame 11, rows close to the center of the heat maps) were most like the X-ray protein 
structure.  Further, low-mode poses chosen by lowest Gscore or minimum RMSD are 
more populated in the extreme frames of the normal modes (Figure 2.12).  Using NMA 
successfully sampled the conformation space of the CDK2-Cyclin A complex in terms of 
finding those structures closer to the X-ray protein pose.  Limitations in this work, of 
course, include the fact that Cyclin A was bound in only 16 out of 40 X-ray structures.  
Thus the resulting structures, when compared to the high RMSD X-ray structures, are as 
close as possible to the X-ray co-crystals with no Cyclin A present. 
For the 1H1P example (Figure 2.8), only Mode 7 corresponds to ligand RMSD 
values (Figure 2.7) less than 2 Å showing that the other modes contributing ligand 
RMSD values under 2 Å (Modes 26, 40, 47, 53 and 54) are not in the lowest 10% of low-
mode frames closest to the PDB 1H1P conformer.  This trend is also seen in the other 39 
distributions. 
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Table 2.5. LD vs. XD RMSD ligand pose summary. 
 
Number Percent Cyclin A No Cyclin A 
LD 32 80% 14 18 
XD 8 20% 2 6 
 
LD is low-mode dockings; XD is cross-dockings; classes are distinguished by LD poses 
being better (lower RMSD) than XD poses. 
 
 
A. Docking scores (or Gscores, kcal/mol) 
 
 
B. RMSD (Å) 
 
 
 
Docking Score RMSD 
X-ray Pose, Refined Scoring -8.96±1.33 0.44±0.28 
Low-mode, Minimum RMSD -7.60±1.96 1.82±1.20 
Low-mode, Minimum Docking Score -10.02±1.34 3.87±2.07 
Cross-docking -6.70±1.21 5.89±2.33 
 
Figure 2.10. Docking score (Gscore) and RMSD summary for CDK2 inhibitors. 
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Figure 2.11. Frequency histogram of normal modes containing the LDGS poses or LDMR 
poses of the 40 CDK2 inhibitors.  GS is docking score or Gscore. 
 
 
 
Figure 2.12. Frequency histogram of normal mode frames containing the LDGS poses or 
LDMR poses of the 40 CDK2 inhibitors.  GS is docking score or Gscore. 
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Table 2.6A. X-ray ligand RMSD values against cross-dockings, minimum Gscore low-
mode dockings, minimum RMSD low-mode dockings, and self-dockings. 
 
PDB XD LDGS LDMR SD d(LDGS,XD) d(LMGS,SD) 
1H1P 5.34 4.65 1.12 5.10 -0.69 -0.45 
1H1Q 5.56 1.44 0.81 5.28 -4.12 -3.84 
1H1R 6.03 4.50 1.12 0.37 -1.53 4.13 
1H1S 7.43 2.86 1.52 1.22 -4.57 1.64 
1JVP 6.45 0.99 0.69 0.31 -5.46 0.68 
1PKD 9.27 0.89 0.82 0.28 -8.38 0.61 
1PYE 5.34 1.98 0.82 7.17 -3.36 -5.19 
1VYW 9.72 8.13 1.12 0.20 -1.59 7.93 
1Y8Y 5.47 1.95 1.54 1.34 -3.52 0.61 
1YKR 2.21 2.41 1.17 2.71 0.20 -0.30 
2A4L 1.63 1.50 0.91 2.20 -0.13 -0.70 
2B52 2.01 2.85 1.40 0.70 0.84 2.15 
2B53 7.69 2.52 1.56 0.95 -5.17 1.57 
2B55 5.59 4.48 (1.15) 3.31 0.68 -1.11 3.80 
2BKZ 4.52 1.75 1.07 1.05 -2.77 0.70 
2BPM 11.04 8.20 0.82 1.26 -2.84 6.94 
2BTR 1.34 1.58 0.90 0.85 0.24 0.73 
2BTS 4.73 1.73 1.37 0.90 -3.00 0.83 
2C6I 6.63 4.36 2.86 1.55 -2.27 2.81 
2CCH 5.67 4.07 1.86 1.62 -1.60 2.45 
 
LD is low-mode dockings; XD is cross-dockings; SD is self-dockings.  RMSD values in 
parentheses were calculated without rotated solvent-exposed atoms.  PDB codes of 
Cyclin A-bound co-crystals are highlighted. 
 
2.3.3 Active site analysis. In addition to RMSD values to measure the success of 
the low-mode dockings, surface areas (described in 2.2.6) were compared between X-ray 
poses and low-mode poses chosen from lowest Gscores.  There is a 9% average loss of 
surface area in the low-mode dockings.  Further analysis of the contact residues indicated 
that the average loss is actually a shift in contact area.  Approximately 15% of the 
number of residues present in the X-ray poses is lost, and 12% new residue contacts are 
gained in the low-mode dockings (Appendix F). 
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Table 2.6B. X-ray ligand RMSD values against cross-dockings, minimum Gscore low-
mode dockings, minimum RMSD low-mode dockings, and self-dockings.   
 
PDB XD LMGS LMMR SD d(LMGS,XD) d(LMGS,SD) 
2DUV 5.36 6.27 1.07 0.31 0.91 5.96 
2EXM 5.29 4.43 1.79 0.89 -0.86 3.54 
2FVD 8.01 5.70(2.71) 1.67 1.58 -2.31 4.12 
2G9X 8.51 5.02 3.45 1.53 -3.49 3.49 
2IW8 8.27 1.82 1.35 0.72 -6.45 1.10 
2J9M 6.98 6.54 2.43 0.46 -0.44 6.08 
2R3F 6.37 6.28 4.46 1.96 -0.09 4.32 
2R3I 6.47 6.14 4.22 0.51 -0.33 5.63 
2R3Q 1.68 5.02 (1.85) 1.34 1.37 3.34 3.65 
2UZO 7.82 8.06 2.64 0.89 0.24 7.17 
2V0D 6.04 4.95 2.33 5.63 -1.09 -0.68 
2W05 6.72 3.44 2.88 1.28 -3.28 2.16 
2W17 5.00 4.34 (1.43) 3.18 1.49 -0.66 2.85 
2WIH 3.99 1.64 1.20 1.10 -2.35 0.54 
3BHT 5.81 2.79 0.51 5.15 -3.02 -2.36 
3BHU 5.98 2.12 0.36 3.86 -3.86 -1.74 
3BHV 4.77 4.89 0.83 6.11 0.12 -1.22 
3DDQ 1.65 2.11 0.88 1.93 0.46 0.18 
3EZR 9.25 4.17 4.17 0.93 -5.08 3.24 
3EZV 7.97 6.18 5.12 0.91 -1.79 5.27 
Average 5.89±2.33 3.87±2.07 1.82±1.20 1.86±1.81 -2.02±2.31 2.01±2.96 
 
LD is low-mode dockings; XD is cross-dockings; SD is self-dockings.  RMSD values in 
parentheses were calculated without rotated solvent-exposed atoms.  PDB codes of 
Cyclin A-bound co-crystals are highlighted.  Averages include data from Table 3.6A.   
 
2.4 Conclusions and Future Directions 
Using NMA into molecular docking was successful in incorporating protein 
flexibility.  Although an average RMSD of 2 Å was achieved, low-mode poses chosen by 
docking scores averaged an RMSD value of 4 Å, which is lower than that average 6 Å 
from the cross-dockings.  Despite 2 Å higher than minimum RMSD values, using 54 
normal modes each articulated with 20 conformers from a minimized structure was able 
to correct 80% of the cross-dockings. 
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X-ray: 1h1q, Min.: 0.76 Å, Max.: 1.92, Avg.: 0.92±0.15 
 
 
X-ray: 2fvd, Min.: 1.58 Å, Max.: 2.77 Å, Avg.: 1.96±0.11 
 
 
Figure 2.13. Selected protein RMSD distributions showing sampling range of NMA.  
Those X-ray structures that differ slightly than PDB 1H26 have a different distribution of 
the bottom 10% of RMSD values; they are closer to Frame 11, which is row 11 in the 
matrices.  Conversely, those X-ray structures differing greatly had distributions closer to 
the extreme frames of motion (frames 1 and 21). 
 
Although a general trend was found in the protein RMSD distributions, where X-
ray structures differing from PDB 1H26 tended to have low RMSD values with the 
extreme frames of the normal modes, no other trends were found regarding the ligand 
RMSD distributions, active site contact residues, and ligand contact surface areas.  Weak 
correlations may be found when comparing ligand and protein RMSD distributions.  For 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
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example, only a few instances, for any X-ray co-crystal, would be found where low 
protein RMSD values matched with low ligand RMSD values.  Conceptually, this NMA 
protocol may only be accomplishing half of the induced fit effect.  In using a ligand-less 
conformer, PDB 1H26, the receptor has been sampled without ligand bias but all motions 
are without context of a ligand molecule.  That is, NMA may be generating conformers 
that are close enough to the complex conformation that a docking algorithm may 
calculate a ligand pose to within 2 Å, but CDK2 conformers can probably be further 
optimized to allow movement in context of a docked ligand structure. 
In its current state, this Low-mode Docking is appropriate for lead optimization, 
for without any reduction of frames, run times are increased by 3 orders of magnitude.  
However, the trade-off may be worth the resources especially if the lead or hit molecule 
is dissimilar to the ligand in the X-ray structure (that would be used for cross-docking) or 
if the X-ray structure was ligand-less.  Current work to fully optimize Low-mode 
Docking includes minimizations and molecular dynamics simulations. 
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Chapter Three 
MDM2 Oncoprotein and Cyclic Peptides 
3.1 Introduction 
The murine double minute 2 (MDM2) oncoprotein, known as HDM2 in humans, 
is known to be a negative regulator of p53.  p53 is a tumor suppressor, called “guardian 
of the genome,” that responds to cellular stresses such as DNA damage and oncogenic 
activation, potentially leading to the onset of cancer.  p53 is mutated in half of cancers; in 
the other half, its function is diminished.  Under cellular stress, MDM2 is post-
transcriptionally modified to cease the inhibition of p53 leading to apoptosis (Figure 3.1).  
Not surprisingly, overexpression of MDM2 is oncogenic.  MDM2 binds to p53’s 
transactivation domain with its p53-interacting domain, which is a lucrative drug target 
for cancer therapeutics.
163
  The p53-MDM2 interaction is a protein-protein interaction 
(PPI), so protein-protein disruptors, small molecule inhibitors
164, 165
 and 
peptidomimetics,
166-168
 have been synthesized accordingly.  Computational methods have 
been used to aid in these efforts,
169-172
 and the focus of this work will study one such 
peptidomimetic: PJ-8-73, a β-hairpin cyclic peptide synthesized by the McLaughlin Lab, 
University of South Florida. 
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Figure 3.1. DNA damage pathway resulting in MDM2 ubiquitination and destruction.
173
  
ATM/CHK2 phosphorylation of p53 dissociates p53 from MDM2.  However, increased 
p53 activity upregulates transcription of MDM2.  Under genotoxic stress, the CKI/SCF
β-
TRCP
 pathway degrades MDM2 by ubiquitination and the proteasome. 
 
While virtual screening technologies are optimized for small molecule inhibitors 
(SMI), they cannot efficiently sample the conformation space of a peptide-sized 
molecule.  New techniques have been developed to accomplish “peptide docking” 
including recent methods such as DOT,
174
 DynaDock,
175
 and the Rosetta FlexPepDock 
server.
176, 177
  Some limitations include side chains or R-groups found in synthesized 
peptides that are not parameterized in a force field, depending on the method.  Further, 
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time may become a limitation if libraries of peptides are to be virtually screened.  Here, 
we introduce a Monte Carlo simulation-based algorithm similar to the procedure 
proposed by Niv et al. where a P0 residue was used as a positional constraint.
178
  The 
analogous residue in this study was the L-6-chlorotryptophan (6CW) in the Robinson 
cyclic peptide (RCP), also a β-hairpin cyclic peptide, bound to MDM2 (PDB 2AXI).179 
 
3.2 Methods 
The following sections outline peptide docking stages that are analogous to the 
basic steps of docking a small molecule: A) establish an initial peptide structure, B) find 
possible initial poses of the peptide in context of the receptor structure, C) refine the 
conformation of the peptide-receptor complex, and D) rank the complex structures by 
energy. 
3.2.1 Solution structure calculation.  The structure of the PJ-8-73 peptide was 
built with Maestro
54
 then minimized.  The Optimized Potentials for Liquid Simulations 
(OPLS) 2005 force field was employed with an implicit Generalized Born/Solvent 
Accessible Surface Area (GBSA) implicit water model.  The electrostatic treatment used 
a constant dielectric constant of 1.0 with cutoff values of 8.0 Å, 20.0 Å, and 4.0 Å for van 
der Waals, electrostatics, and H-bond energies, respectively.  The molecule was 
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minimized using the Truncated Newtonian Conjugate Gradient with a maximum of 500 
iterations to converge on a energy gradient of 0.05 kJ/mol/Å. 
After minimization, MacroModel
39, 154
 was used to perform a conformational 
search with GBSA and the OPLS 2005 force field.  The generated structures possessed 
multiple cross-strand hydrogen bonding when forming the β-hairpin turn in agreement 
with circular dichroism (CD) data (Figure 3.4), which predicts PJ-8-73 to have β-strand 
structure.  The lowest energy pose was used for peptide docking. 
To test the soundness of our structure, a 30 ns simulation was performed with 
Desmond
180
 using simulated annealing for the first nanosecond.  A water box composed 
of 1796 TIP4P water molecules filled a volume of 58413 Å
3
.  3 chloride ions were 
included to neutralize the system’s charge; long range electrostatics was handled with 
Smooth Particle Mesh Ewald algorithm (tolerance = 110-9), and short range 
electrostatics were given a cutoff of 9.0 Å.  Minimization had a maximum of 2000 
iterations with a convergence threshold of 1.0 kcal/mol/Å.  Simulated annealing was a 
series of 7 steps where velocities were resampled for all but the last two stages.  Each 
stage except stage 5 was a change in temperature via linear interpolation where 
temperature (in K) was raised (from 0 K) to 10, 100, 300, and 400 by times (in ps) 30, 
100, 200, and 300, respectively.  From 300 to 500 ps, temperature was kept constant 
constant at 400 K, and from 500 to 1000 ps, it decreased to 300 K where the simulation 
was kept at this temperature (Berendsen thermostat with RESPA integrator; relaxation 
time: 1.0 ps, time step: 1.0 fs).  Representative structures had an average RMSD value of 
0.35 Å, and plotted Phi-Psi angles (Figure 3.2) agree with the MacroModel structure and 
CD data. 
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3.2.2 Initial docking structures.  For the docking of PJ-8-73, we assumed that 
the Trp11 residue of PJ-8-73 occupied the same pocket of MDM2 as Trp23 of the p53 
transactivation helix.  Using the co-crystal of a β-hairpin cyclic peptide (RCP) bound to 
MDM2 from the Robinson lab, Trp 11 of PJ-8-73 was aligned to the indole ring of 6-
chloro-Trp23 in the β-hairpin peptide bound to MDM2 (PDB 2AXI179).  Different 
structures of the resulting MDM2/PJ-8-73 complex were generated by rotating with 30-
degree increments (total of 12 structures) about the Cβ-Cγ bond of Trp11. 
3.2.3 Tryptophan-based docking.  A series of conformational searches and 
minimizations (as described in 3.2.1) were performed with the PJ-8-73 in MDM2 after 
initial docking structures were created.  The MDM2/PJ-8-73 complex structures were 
first minimized with MDM2 restrained; those complexes with no major steric clashes 
were then minimized with no restraints.  Minimized complexes containing PJ-8-73 poses 
near MDM2 were then subjected to Mixed Monte Carlo Molecular Mechanics 
(MCMM)
181, 182
/Low-Mode
155
 conformation searches with MacroModel.  (Complexes 
with initial poses that were not energy favorable yielded final poses far from the receptor 
structure.)  Aside from the initial placement of the Trp residue in the Trp pocket and 
restraints mentioned in this section, no other restraints were placed on PJ-8-73.  The 
lowest energy complex was compared to the Robinson peptide (PDB 2AXI) and a 
truncated co-crystallized 9-mer of p53 (PDB 1T4F).
183
 
3.2.4 Circular dichroism.  Circular dichroism (CD) data was provided by the 
McLaughlin Lab.  CD spectra for cyclic peptide PJ-8-73 was dissolved in 7 mM 
phosphate buffer at a concentration of 200 μM at pH 7 and 25ºC. Expectedly, the CD 
spectra showed a negative absorption minima near 200 nm and a strong positive 
65 
 
Figure 3.2. Ramachandran 
plots for PJ-8-73 in its 30 ns 
Desmond simulation.  Phi 
and Psi angles (degrees) 
compose the x- and y-axes, 
respectively. 
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Figure 3.3.  RMSD plot of PJ-8-73 in the 30 ns Desmond simulation.  Convergence 
occurred before 20 ns with a large fluctuation near 23 ns. 
 
 
 
 
Figure 3.4.  Circular dichrosim data for PJ-8-73.  The x-axis is in degreesdmolcm2; the 
y-axis is in nm. 
 
absorption maxima close to 185-190 nm. These characteristic CD bands are strongly 
indicative of a β-sheet or β-turn secondary structures. 
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3.3 Results and Discussion 
3.3.1 Structural analysis of the PJ-8-73 dockings.  The lowest energy structure 
of PJ-8-73 was considered for model analysis.  Using a script
184
 provided for PyMOL,
43
 
atomic pairs between MDM2 and the β-hairpin peptides with a distance less than 4 Å 
were listed.  For the Robinson Lab cyclic peptide (RCP), 8 of the β-hairpin residues are in 
close proximity with 15 MDM2 residues.  The PJ-8-73 peptide had 6 residues within 4 Å 
of 13 MDM2 residues (Tables 3.3 and 3.4).  Although the number of contact residues 
seem comparable between RCP and PJ-873, the difference in the number of unique pair-
wise heavy atom contacts is stark: 76 and 46, respectively.  Conversely, there were 5 PJ-
8-73 hydrogen bonds to MDM2 while RCP had only 1 hydrogen bond (Table 3.4).  
Measurements of an optimized p53 9-mer (PDB 1T4F
183
) were also calculated for 
comparison.  Although no IC50 data was reported for the 9-mer due to variability of the 
ELISA assay,
172
 the 12-mer was reported to have IC50 = 250 nM.
183
  The p53 9-mer has 7 
residues within a 4 Å proximity to 14 MDM2 residues; however, it has the most atomic 
contacts of 80.  The buried surface areas were generated for all complex structures with 
Maestro using a probe radii of 1.4 Å and a van der Waals radii scale of 1.4 on the 
intersection of the receptor and peptide.  Values of the probe radii and van der Waals 
scaling were optimized by ensuring that the intersection surfaces covered all atomic 
contacts.  The surfaces (Figures 3.6 and 3.7) show a major difference between the model 
of PJ-8-73 and the X-ray co-crystals of RCP and p53; the surface in the Trp and Leu 
pockets for PJ-8-73 is not complete (Figure 3.7).  That is, Trp11 of the docked PJ-8-73 
pose only partially occupies the Trp pocket and no residues occupy the Leu pocket 
(Figure 3.7).  
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Figure 3.5.  Scaffold for PJ-8-73 and analogs. 
 
 
Table 3.1. Residues and activities for synthesized compounds 
Compound R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 IC50 (µM) 
8-73 K L K L K T1 NLE
a
 V V A W T3 0.650 
8-74 K L K Q K T1 NLE V V A W T3 9.6 
8-75 K Q K L K T1 NLE V V A W T3 7.6 
8-78 K L K L K T1 NLE V F A W T3 0.700 
9-40 K L K L K T1 F V V A W T3 0.600 
9-103 K L K L K T1 F V V A 
Cl
W T3 1.8 
10-48 K L K L K T1B
b
 NLE V V A W T3 0.700 
a
NLE is norleucine; 
b
T1B is T1 with benzyl instead of methyl group.  IC50 values (surface 
plasmon resonance, Biacore T100) were provided by the Hazlehurst Lab, H. Lee Moffitt 
Research Institute, Tampa, FL. 
 
 
 
Table 3.2.  Energy summary for peptide complexes. 
 
Complex PE Stretch Bend Torsion Improper 
Torsion 
vdW Electrostatic Solvation ES + SOLVa 
RCP -23076 238 819 1191 36 -1416 -18963 -4980 -23942 
PJ-8-73 -22898 234 815 1364 32 -1419 -17895 -6028 -23923 
p53 9-mer -21112 165 611 1094 19 -1497 -15512 -5990 -21502 
a”ES + SOLV” is the sum of electrostatic and solvation energies.  Units are kJ/mol; PE is 
potential energy. 
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Table 3.3.  Residue contacts
a
 between MDM2 and peptides. 
 
MDM2 p53 RCP PJ-8-73 
Tyr10 Leu26 
  Glu23 
  
Lys5 
Lys51 
 
Trp26 
 Leu54 Trp23, Leu26 6cw23, Leu24, Trp26 Trp11 
Leu57 Trp23 
  Phe55 
 
Trp26, Phe28 Dpl12
b
 
Gly58 Phe19, Trp23 Phe21, 6cw23, Phe28 Lys1, Trp11 
Gln59 Met20 Phe28 Dpl12 
Ile61 Phe19, Trp23 Phe21, 6cw23 Trp11 
Met62 Phe19, Met20 Phe28 Lys1, Dpl12 
Tyr67 Phe19 Phe21 Lys1 
Gln72 Arg18, Phe19, Tyr22 Pro20, Phe21 Lys1 
His73 Tyr22 
 
Leu4 
Val75 
 
Phe21 
 Phe86 
 
6cw23 
 Phe91 
 
6cw23 
 Val93 Phe19, Tyr22, Trp23 Phe21, Glu22, 6cw23 Lys3, Leu4, Trp11 
Lys94 
  
Leu4 
His96 Gly25, Leu26 Leu24 Lys3 
Ile99 Leu26 6cw23 
 aResidues in bold indicate hydrogen bonds.  
b
Dpl12 refers to the D-Pro linker.  Residues 
were chosen by having heavy atoms within 4 Å. 
 
 
Table 3.4.  Summary of contact calculations. 
 
 
RCP
a
  p53
b
 PJ-8-73 
Interacting Residues  - MDM2 15  14 13 
Interacting Residues  - Peptide 8  7 6 
Heavy Atom Contacts 76  80 46 
Hydrogen Bonds 1  2 5 
Surface Area
c
 (Å
2
) 727  683 512 
IC50 (nM) 140  N/A
d
 650 
 
aRCP is β-hairpin peptide from Robinson Lab (PDB 2AXI). bData from co-crystal of 
optimized 9-mer of p53 (PDB 1T4F): RFMEYWEGL.  
c
Surface area of the intersecting 
region between MDM2 and β-hairpin peptide using 1.4 Å probe radius on 1.4 van der 
Waals radii scale. 
d
No reported IC50 value for 9-mer due to variability in ELISA assay.
183
 
RCP and PJ-8-73 peptides have IC50 values of the same order of magnitude: 140 
nM and 650 nM, respectively.  IC50 values seem to correlate directly with the number of 
contact residues, the number of contact atoms and the buried surface areas.  Moreover, 
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there is an inverse correlation with hydrogen bonds.  This inverse correlation may be an 
explanation of the effectiveness of PJ-8-73 being within an order of magnitude by an 
enthalpic compensation when compared to RCP.  All 3 lysine residues of PJ-8-73 are 
involved in 4 out of 5 hydrogen bonds with MDM2.  These residues were intended to aid 
in solubilizing the peptide, but surprisingly, the model predicts Lys1 and Lys3 to be 
buried, contributing to both electrostatic and van der Waals interactions as well as an 
entropic gain from burying positive charges between two hydrophobic surfaces 
(displacing water molecules). Further, the model predicted intra-hydrogen bonding of 
Lys1 and Lys3, which may contribute to the packing of the these side chains between PJ-
8-73 and MDM2. 
Although in a different orientation when compared to the RCP, the lowest energy 
conformation of the McLaughlin peptide had a comparable surface area and number of 
contact residues (Table 3.4).  Decomposed energies (Table 3.2) agree with contact 
residue data.  The β-hairpin cyclic peptides have similar stretch, bond, torsion, and 
improper torsion energies, both sets higher than the corresponding energies of the p53 9-
mer.  This may represent strain in the β-hairpin peptides, which are occupying a protein 
cleft where an α-helix domain naturally binds.  This tighter fit by the 9-mer is also 
observed in the lower van der Waals energy, lower than the similar van der Waals 
energies of the β-hairpin peptides.  The electrostatic and solvation energies of the β-
hairpin peptides differ; however, when summed (Table 3.2, last column), they are quite 
similar and lower than the electrostatics and solvation energies of the p53 9-mer.   
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Figure 3.6.  Co-crystal structures of optimized p53 9-mer (left) and Robinson Lab β-
hairpin peptide (right) both bound to MDM2 (cyan, CPK).  Dark blue surfaces 
illustrate contacts between the peptides and MDM2.  Residues of MDM2 within 4 Å of 
the peptides are shown; the orientations of both images are equal to each other and 
Figure 3.7. 
72 
 
 
Figure 3.7.  Docked pose of β-hairpin PJ-8-73 (orange, sticks) into MDM2 (cyan, CPK).  
Dark blue surface indicates intersection surface between peptide and MDM2.  Residues 
of MDM2 within 4 Å of PJ-8-73 are shown.  Note the gap in MDM2 residues due to lack 
of Leu pocket interaction with PJ-8-73. 
 
Figure 3.8.  PJ-8-73 peptide (orange, sticks) modeled pose superimposed with co-crystal 
pose of optimized p53 9-mer (red, cartoon).  Only the hydrogen atoms (white) of lysine 
residues and inner-strand peptide bonds shown for PJ-8-73.  The residues of Phe19, 
Trp23, and Leu26 in the 9-mer are shown (green, sticks) to illustrate the comparative 
occupancies in the complementary hydrophobic pockets.  (MDM2 RMSD = 1.06 Å.) 
Phe 
Pocket 
Trp 
Pocket 
Leu 
Pocket 
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Figure 3.9.  Overlay of Trp11 from PJ-8-73 and 6-chloro-Trp23 (6CW) of RCP with an 
intersection surface.  Top (left) and profile (right) views shown. 
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3.3.2 SAR analysis. Several cyclic peptides were synthesized for a structure-
activity relationship (SAR) analysis (Table 3.1).  Glutamine mutations on Leu2 (8-75) 
and Leu4 (PJ-8-74) positions yielded slightly worse IC50 values: 7.6 μM and 9.6 μM, 
respectively.  The PJ-8-73 model predicted Leu2, Leu4, and Val8 to be solvated; 
however, Leu4 is within 4Å of His73, Val93m and Lys94 residues of MDM2 (Table 3.3).  
Additionally, distances between Leu4 and Val8 as well as Val8 and Leu2 are less than 4 
Å.  This suggests that the Leu2-Val8-Leu4 patch of hydrophobicity, although solvated, 
interacts significantly with 3 residues of MDM2.  Mutation to glutamine for either of the 
hydrophobic residues Leu2 or Leu4 may disrupt the hydrophobic patch for an entropic 
loss (by disrupting the entropic gain of the hydrophobic effect).  Mutations to 
phenylalanine were also synthesized for positions 7 (norleucine) and 9 (valine).  Original 
intentions of these mutations were to probe for a suitable position for binding to the Phe 
pocket of MDM2.  Similar IC50 values (700 nM and 600 nM, respectively) support the 
model, which predicts minimal contribution to binding with MDM2.  A similar mutation 
(PJ-10-48), which replaces the methyl group on the N-mesyl linker with a benzyl group, 
yields a comparable IC50 value of 700 nM.  The model predicts the methyl group to be 
solvated thus having little contribution to binding, which accounts for similar inhibitory 
activities of PJ-10-48 and PJ-8-73.  Lastly, peptide PJ-9-103 differs from PJ-8-73 by a 
chloro group on C6 of Trp11.  The PJ-8-73 docking predicts a shallower occupancy of 
the Trp pocket of MDM2 (Figure 3.9) as compared to RCP.  Accordingly, the addition of 
a chlorine atom on Trp11 together with no occupancy of the Leu pocket of MDM2 would 
decrease binding and inhibitory activity.  
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3.4 Conclusions and Future Directions 
Out peptide docking protocol takes advantage of a known high affinity interaction 
of the Trp23 residue of p53 in MDM2.  The resulting pose of PJ-8-73 is in a surprising 
orientation; however, energy and contact residue data are in agreement, which also 
reflects the close IC50 values between PJ-8-73 and the RCP.  NMR studies by Chi et al. 
discuss a possible binding of other nearby motifs of p53 also binding to MDM2 with KD 
≥ 20 μM.185  These motifs are partially structured and were shown to have non-specific 
contacts that may cause large conformational changes to MDM2.  The PJ-8-73 docking 
model is similar to this data. 
The Monte Carlo conformational searches are central to this protocol, and the use 
of molecular dynamics, thus far, has been for validation.  Similarly as with the solution 
structures, molecular dynamics simulations will be run on the complexes to validate the 
peptide dockings.  Conformations of the MDM2 receptor will be checked against the MC 
simulation runs.  Since the results are promising, all the analogs of PJ-8-73 will be 
peptide docked to MDM2.  While efforts are being made to co-crystallize PJ-8-73 in 
MDM2, the computational data will aid in optimizing the lead β-hairpin cyclic peptide, 
PJ-8-73. 
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Appendix A 
Supporting Information for 
Virtual Target Screening: Validation Using Kinase Inhibitors 
Table A1. VTS protein library and the PDB: comparison of organism composition. 
 % PDB Structures % VTS Structures 
H. sapiens 31 59 
E. coli 12 18 (bacteria) 
M. musculus 6 5 
Top 3 Organisms 49 82 
 
Table A2. Protein type composition in the VTS protein structure library for unique and 
total structures. 
Protein Type  Uniques  %-Uniques  Total  %-Total  Copies  %-Copies  
Oxidoreductases  2  1%  17  1%  15  1%  
Transferases  108  31%  556  38%  448  31%  
Hydrolases  93  27%  509  35%  416  29%  
Lyases  18  5%  84  6%  66  5%  
Isomerases  15  4%  32  2%  17  1%  
Ligases  2  1%  8  1%  6  0%  
Antibody  19  6%  23  2%  4  0%  
Transport  17  5%  67  5%  50  3%  
Toxin  3  1%  5  0%  2  0%  
Structure  6  2%  7  0%  1  0%  
Signalling  51  15%  119  8%  68  5%  
Transcription  5  1%  16  1%  11  1%  
Lipid Binding  4  1%  8  1%  4  0%  
TOTALS  343  100%  1451  100%  1108  76%  
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Table A3. X-ray structure resolution distribution in the VTS protein structure library. 
   0 > RES ≥ 1.50  1.50 > RES ≥ 2.00  2.00 > RES ≥ 2.60  2.60 > RES ≥ 3.00  RES ≥ 3.00  
Oxidoreductases  1 14 3 0 0 
Transferases  21 236 263 76 17 
Hydrolases  20 251 229 53 3 
Lyases  1 50 38 1 2 
Isomerases  1 20 10 3 0 
Ligases  0 0 6 2 0 
Antibody  0 5 11 7 0 
Transport  1 24 9 0 0 
Toxins  0 4 1 0 0 
Structure  1 3 0 1 2 
Signaling  1 12 17 5 0 
Transcription  4 0 8 4 0 
Lipid Binding  2 3 2 1 0 
Total  53 624 597 153 24 
Percentage  4% 43% 41% 11% 2% 
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Figure A1. Structures of 20 kinase inhibitors in test case.
97 
 
Table A4. Kinase inhibitor list from Fabian et al. 
Name Status
a
 Primary Targets
b
 Synonyms
a
 
BAY-43-9006 Approved RAF1 Nexavar, sorafenib 
BIRB-796 Research Compound p38α Doramapimod 
CI-1033 Trial Drug EGFR subfamily Canertinib dihydrochloride 
EKB-569 Research Compound EGFR, ERBB2 Pelitinib 
Flavopiridol Research Compound CDK1, CDK2, CDK4 Alvocidib, HMR-1275 
Gleevec Approved ABL, KIT, PDGFR imatinib, STI571 
GW-2016 Approved 
EGFR, ERBB2, 
ERBB4 lapatinib, Tykerb 
Iressa Approved EGFR gefitinib, ZD-1839 
LY-333531 Trial Drug PKCβ ruboxistaurin, Arxxant 
MLN-518 Research Compound FLT3 Tandutinib 
Roscovitine Trial Drug CDK2 
R-roscovitine, CYC-202, 
Seliciclib 
SB202190 Research Compound p38α --- 
SB203580 Research Compound p38α --- 
SP600125 Research Compound JNK --- 
Staurosporine Research Compound Pan-inhibitor --- 
SU11248 Approved 
VEGFR2, PDGFR, 
FLT3, KIT sunitinib, sutent, sunitinibum 
Tarceva Approved EGFR erlotinib 
Vatalanib Trial Drug VEGFR2 PTK-787, K-222584 
VX-745 Research Compound p38α --- 
ZD-6474 Approved VEGFR2, EGFR vandetanib, Zactima 
a
Source: Pharmaprojects database, V5 (PJB Publications, www.pjbpubs.com).  
b
Source: 
ChEMBL
186
 database. 
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Table A5.  Structures in the VTS Library corresponding to kinase inhibitor test case data. 
 Gene Symbol Numbera PDB ID 
1 ABL1 5 1OPL, 2E2B, 2F4J, 2V7A, 3C59 
2 ABL1 (T315I) 1 2Z60 
3 ACK1 1 1U4D 
4 BTK 1 1BWN 
5 CAMK1D 1 2JC6 
6 CAMK2B 1 3BHH 
7 CAMK2G 1 2V7O 
8 CDK2 144 1BUH, 1CKP, 1DM2, 1FIN, 1FVT, 1FVV, 1G5S, 1GIH, 1GII, 1GIJ, 1GY3, 1GZ8, 1H01, 
1H07, 1H08, 1H0V, 1H0W, 1JVP, 1KE5, 1KE6, 1KE7, 1KE8, 1KE9, 1OGU, 1OI9, 
1OIQ, 1OIR, 1OIT, 1OIU, 1OIY, 1OKV, 1OKW, 1OL1, 1OL2, 1P2A, 1P5E, 1PF8, 
1PKD, 1PXI, 1PXJ, 1PXK, 1PXL, 1PXM, 1PXN, 1PXP, 1PYE, 1QMZ, 1R78, 1URC, 
1URW, 1V1K, 1VYW, 1VYZ, 1W0X, 1WCC, 1Y8Y, 1Y91, 1YKR, 2A0C, 2A4L, 2B52, 
2B53, 2B55, 2BHE, 2BHH, 2BKZ, 2BPM, 2BTR, 2BTS, 2C5O, 2C5P, 2C69, 2C6I, 
2C6K, 2C6L, 2C6M, 2C6T, 2CCH, 2CCI, 2DS1, 2DUV, 2EXM, 2R3F, 2R3G, 2R3H, 
2R3J, 2R3K, 2R3L, 2R3M, 2R3N, 2R3O, 2R3P, 2R3Q, 2R3R, 2UUE, 2V0D, 2V22, 
2VTA, 2VTH, 2VTI, 2VTJ, 2VTL, 2VTM, 2VTN, 2VTO, 2VTP, 2VTQ, 2VTR, 2VTS, 
2VTT, 2VU3, 2VV9, 3DDP, 3DDQ 
9 CDK5 3 1UNG, 1UNH, 1UNL 
10 CLK1 2 1Z57, 2VAG 
11 CSK 2 1BYG, 3D7T 
12 CSNK1G1 1 2CMW 
13 CSNK1G2 1 2C47 
14 DAPK2 1 2CKE 
15 DAPK3 4 1YRP, 2J90, 3BHY, 3BQR 
16 EGFR 2 1M17, 1XKK 
17 EPHA2 1 1MQB 
18 EPHA3 1 2QO9 
19 EPHB4 3 2VWU, 2VWV, 2VWW 
20 FGFR1 2 2GFGI, 3C4F 
21 FGFR2 1 1OEC 
22 FYN 3 1FYN, 1M27, 2DQ7 
23 HCK 4 1QCF, 2C0I, 2C0O, 2C0T 
24 INSR 3 1IR3, 1RQQ, 2Z8C 
25 JAK2 1 2B7A 
26 MAPK8 JNK1 1 1UKI 
27 MAPK10 JNK3 8 1PMN, 1PMQ, 1PMU, 1PMV, 2EXC, 2R9S, 3CGF, 3CGO 
28 KIT 2 1T46, 2VIF 
29 LCK 4 1QPC, 1QPD, 1QPE, 1QPJ 
30 MAP3K5 1 2CLQ 
31 NEK2 1 2JAV 
32 MAPK14 36 1A9U, 1BL6, 1BL7, 1BMK, 1DI9, 1M7Q, 1OUK, 1OUY, 1OVE, 1OZ1, 1W82, 1W83, 
1W84, 1WBN, 1WBS, 1WBT, 1WBV, 1YQJ, 1ZYJ, 1ZZ2, 1ZZL, 2BAJ, 2BAK, 2BAL, 
2BAQ, 2FSL, 2FSO, 2QD9, 2RG5, 2RG6, 3BVS, 3BV3, 3BX5, 3C5U, 3CG2, 3CTQ 
33 PAK4 1 2CDZ 
34 PAK7 1 2F57 
35 PIM1 12 1XR1, 1XWS, 1YHS, 1YI3, 1YI4, 1YXT, 2BIK, 2BIL, 2BZK, 2C3I, 3BWF, 3C4E 
36 PRKACA 1 2GU8 
37 PTK2 2 1MP8, 3BZ3 
38 SLK 1 2UV2 
39 SRC 10 1A1E, 1KSW, 1O42, 1O4Q, 1Y57, 1YOL, 1YOM, 2BDF, 2BDJ, 2SRC 
40 STK10 1 2J7T 
41 STK16 1 2BUJ 
42 STK18 1 3COK 
43 SYK 1 1XBB 
a
A total of 275 protein kinase structures represent the 43 protein kinases with reported 
binding data.
187
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Table A6. VTS unique hit summary for the 20 kinase inhibitor test set. 
 
Top-200 Average Hits Top-20 Average Hits 
Boltzmann Average 
Hits 
KINASE INHIBITORSa 
Percent 
Kinases 
Unique 
Kinases 
Unique 
Total 
Percent 
Kinases 
Unique 
Kinases 
Unique 
Total 
Percent 
Kinases 
Unique 
Kinases 
Unique 
Total 
BAY-43-9006 38 12 32 45 5 11 13 1 8 
BIRB-796 23 7 30 50 3 6 20 1 5 
CI-1033 25 43 169 15 11 73 21 13 63 
EKB-569 22 20 89 22 8 36 12 3 25 
FLAVOPIRIDOL 38 35 92 33 4 12 21 3 14 
GLEEVEC 57 28 49 75 9 12 58 7 12 
GW-2016 29 38 133 39 19 49 35 15 43 
IRESSA 45 25 56 50 7 14 39 7 18 
LY-33353 53 9 17 75 6 8 60 3 5 
MLN-518 29 10 35 14 1 7 20 1 5 
ROSCOVITINE 32 25 79 50 11 22 29 5 17 
SB202190 29 22 77 22 5 23 24 4 17 
SB2023580 31 19 62 31 4 13 23 3 13 
SP600125 50 56 112 73 36 49 49 17 35 
STAUROSPORINE 62 46 74 83 29 35 71 22 31 
SU11248 60 31 52 67 14 21 47 8 17 
TARCEVA 50 7 14 67 2 3 0 0 1 
VATALINIB 28 11 39 33 4 12 29 2 7 
VX-745 17 5 29 33 3 9 13 1 8 
ZD-6474 28 13 47 33 4 12 17 2 12 
Statistics          
Minimum 17 5 14 14 1 3 0 0 1 
Maximum 62 56 169 83 36 73 71 22 63 
Average 37± 14 23±15 64±40 46±22 10±9 22±18 30±19 6±6 18±15 
a
Approved drugs are shaded. 
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Figure A2. Protein kinase hit data for the VTS system summarized by totals and 
percentages for each protein hit criteria.  Green bars indicate approved drugs.  The dark 
portions of the bars in A, C, and E are protein kinase hits.  From top to bottom, the 
protein hits are reviewed for the top-200 averages, top-20 averages, and Boltzmann 
averages.  In the first column, there is a general trend of decreasing number of hits.  In 
the second column, the highest percentages of protein kinase hits are in D, the top-20 
average protein hits. 
 
  
A. B. 
C. D. 
E. F. 
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Figure A3. Ligand conformation data of 557 kinase inhibitor dockings corresponding to 
known co-crystal structures.  For reference, a horizontal dotted line is at 2.5 Å, and 
vertical lines correspond to average standard hit criteria: average (black, Z = 0), top-200 
average (Z = -1.62 ± 0.12), top-20 average (Z = -2.60 ± 0.26), and Boltzmann average (Z 
= -3.15 ± 0.49). 
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Table A7.  Listing of VTS top-20 hits for approved drugs.  Values, Kd in µM, indicate 
VTS hit agreement with Kd < 10 µM reported by Fabian except for red text, which 
indicates reported Kd > 10 µM by Fabian where other literature reported Kd values less 
than or near 10 µM.  NF indicates kinases not included in the Fabian article. 
 
Approved Drug Kinase Hits Non-kinase Hits 
Nexavar (BAY-43-9006) 
5/11 (45%) 
EF-20 = 2.4 
ABL1 (0.13) 
CDK2 
EGFR (IC50 = ~1.25 - 7.5 μM) 
KIT (0.74) 
p38α (0.26) 
Subtilisin (B. subtilis protease) 
Carboxylesterase 
Epoxide Hydrolase 
Plasminogen Activator Inhibitor Type 1 
Thrombin 
Retinol Binding Protein 
Gleevec (Imatinib) 
10/13 (77%) 
EF-20 = 4.0 
CDK2 
ABL1 (0.0022) 
SRC (31) 
CLK1 (4.5) 
SYK (5.0) 
KIT (0.83) 
JNK3 (3.3) 
P38α (34.0) 
PKC-θ (NF) 
Subtilisin (B. subtilis protease) 
Epoxide Hydrolase 
Uro-type Plasminogen Activator 
Tykerb (GW-2016) 
20-49 (41%) 
EF-20 = 2.2 
Estrogen Receptor (NF) 
CDK2 
CLK1 
HCK 
Tyrosine-Protein Kinase ZAP-70 (NF) 
ABL1 
DAPK3 
EGFR (0.0055) 
FYN 
Glycogen Phosphorylase (NF) 
Interluekin-2 Tyrosine Kinase (NF) 
JNK3 
KIT 
p38α 
MAP3K5 
PIM1 
PTK2 
SRC 
TGFβ Receptor Type I (NF) 
JNK1 
Kinesin-like Protein kif11 
Subtilisin (B. subtilis protease) 
Carboxyesterase 
Cathepsin K 
Cathepsin S 
Coagulation Factor XA 
Coagulation Factor X Heavy Chain 
Epoxide Hydrolase 
Histone Deacetylase 
HIV-1 Protease 
Macrophage Metalloelastase 
Prothrombin 
Thrombin 
Urokinase-type Plasminogen Activator 
FK506-binding Protein 
Type V Adenylate Cyclase 
Ubiquitin-protein Ligase E3 MDM2 
CYP2C9 
Glycolate Oxidase 
Plasminogen Activator Inhibitor Type 1 
Renin 
Serum Albumin 
HSP-90α 
Prealbumin 
Farnesyl-diphosphate 
  Farnesyltransferase 
Histamine Methyltransferase 
Orphan Nuclear Receptor PXR 
Peroxisome Proliferator Activated 
  Receptor 
Retinoic Acid Receptor RXRα 
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Table A7. (continued)   
Approved Drug Kinase Hits Non-kinase Hits 
Iressa 
12/22 (55%) 
EF-20 = 2.9 
CDK1 (NF) 
HCK 
Hepatocyte Growth Factor Receptor (NF) 
ABL1 
EGFR (0.0018) 
JNK3 (2.3) 
KIT 
LCK (1.1) 
P38α 
PIM1 
SRC (5) 
TGFβ Receptor Type I (NF) 
cAMP-specific 3’5’-cyclic 
   Phosphodiesterase 4b 
Carboxyesterase 
Tissue Plasmingen Activator 
Dihydrofolate Reductase 
Coagulation Factor XA 
Albumin 
HSP-90α 
Histamine Methyltransferase 
Epoxide Hydrolase 
Coagulation Factor X 
Sutent (SU11248) 
14/21 (67%) 
EF-20 = 3.5 
3PG Kinase (NF) 
3-Phosphoinositide Dependent Protein Kinase 1 (NF) 
3-Phosphoinositide Dependent Protein Kinase 2 (NF) 
CDK2 
CDK5 
Interleukin-2 Tyrosine Kinase (NF) 
ABL1 (1) 
CAMK2G (0.76) 
HCK (3.3) 
KIT (0.00070) 
P38α 
PIM2 (5) 
PKC-θ 
CHK1 
Subtilisin (B. subtilis protease) 
Epoxide Hydrolase 
Plasminogen Activator – Urokinase 
Thrombin Heavy Chain 
Plasminogen Activator Inhibitor Type 1 
Albumin 
Thyroid Hormone Receptor α1 – thra1 
Tarceva 
2/3 (67%) 
EF-20 = 3.5 
EGFR (0.0014) 
KIT 
Thrombin 
Zactima (ZD-6474) 
4/12 (33%) 
EF-20 = 1.7 
ABL1 (0.27) 
Glycogen Phosphorylase (NF) 
LCK (0.061) 
SRC  (0.17) 
Factor XA 
Subtilisin (B. subtilis protease) 
Coagulation Factor X (Heavy Chain) 
Thrombin 
Plasminogen Activator Inhibitor Type 1 
Thyroid Hormone Receptor α1 – thra1 
Histamine Methyltransferase  
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Figure A4.  Z-score distribution of kinase inhibitor protein hits.  The top-200 and the 
top-20 average hits compose the “T200, T20” Z-score distribution.  The Boltzmann 
average hits distribution is bimodal. 
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Table A8.  Summary statistics on the VTS calibration dockings. 
 
Protein Entries Average 
Number of dockings 1764±210 
Mean -5.64±0.86 
Std. Dev. 1.23±0.32 
Std. Dev. (IRQ)
a
 1.22±0.45 
Std. Dev. (MAD)
b
 0.78±0.31 
Lower IRQ 1.32±0.70 
Lower Bound -7.82±1.45 
Upper IRQ 1.16±0.29 
Upper Bound -3.69±0.83 
Q1 -6.50±1.01 
Median -5.61±0.91 
Q3 -4.84±0.85 
Within 1SD 69.0±2.7% 
Within 2SD 95.4±0.9% 
Within 3SD 99.4±0.3% 
N_left_outliers 2.32±2.59 
N_right_outliers 6.47±4.88 
  VTS Library
c
   
Std. Dev. 0.86 
Std. Dev. (IRQ)^a 0.81 
Std. Dev. (MAD)^b 0.80 
Within 1SD 69.8% 
Within 2SD 94.9% 
Within 3SD 99.3% 
 
a
Population standard deviation estimate based on interquartile range.  
b
Population 
standard deviation estimate from median absolute deviation from the median.  If these 
estimates are close, there is minimal skewness in the distribution.  
c
Statistics on the mean 
of mean calibration scores. 
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Table A9.  Kinase inhibitor pose analysis data. 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued) 
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued)
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Table A9.  (continued)
 
KIN is gene code; INH is inhibitor; REF is PDB code of reference structure; PDB RES is resolution of 
reference structure; GSCORE is docking score in kcal/mol; Zscore is normalized docking score; 
RMSK/RMSL are RMSD values of VTS and reference kinase/ligand structures; VTSID is VTS kinase 
structure; “Z-“ values are Zscore conversions of corresponding VTS hit criteria in preceding columns.  
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Appendix B 
Low-frequency Normal Modes of Cdk2 
The following table consists of Cα RMSD values for each residue per normal 
mode.  The images were created by the “Color by Difference” script provided by 
Schrödinger for use with Maestro to show regions of motion and are colored by degree of 
motion.  Under the images are averages for the RMSD values for the complex, CDK2, 
and Cyclin A.  The mode spectra plots give RMSD values (Å) per residue for CDK2 (left 
of red line, residue numbers 0-297) and Cyclin A (right of red line, residue numbers 175-
432). 
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Table B1. Cα RMSD values for each residue per normal mode. 
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RMSD: 0.40 (0.31/0.51) 
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RMSD: 0.48 (0.06/0.95) 
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RMSD: 0.16 (0.24/0.06) 
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4
 
 
RMSD: 0.36 (0.07/0.71) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image. 
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Table B1. (continued) 
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RMSD: 0.08 (0.13/0.02) 
 
M
o
d
e 
6
 
 
RMSD: 0.24 (0.22/0.26) 
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RMSD: 1.02 (1.04/1.00) 
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RMSD: 1.22 (1.07/1.40) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image. 
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
122 
 
Table B1. (continued) 
 
M
o
d
e 
9
 
 
RMSD: 0.80 (0.84/0.75) 
 
M
o
d
e 
1
0
 
 
RMSD: 2.47 (2.92/1.95) 
 
M
o
d
e 
1
1
 
 
RMSD: 1.41 (1.43/1.38) 
 
M
o
d
e 
1
2
 
 
RMSD: 0.03 (0.05/0.02) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image. 
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Table B1. (continued) 
 
M
o
d
e 
1
3
 
 
RMSD: 1.59 (1.39/1.83) 
 
M
o
d
e 
1
4
 
 
RMSD: 1.06 (1.24/0.84) 
 
M
o
d
e 
1
5
 
 
RMSD: 0.09 (0.10/0.09) 
 
M
o
d
e 
1
6
 
 
RMSD: 1.91 (2.26/1.50) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image. 
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Table B1. (continued) 
 
M
o
d
e 
1
7
 
 
RMSD: 1.65 (1.97/1.29) 
 
M
o
d
e 
1
8
 
 
RMSD: 0.94 (0.95/0.92) 
 
M
o
d
e 
1
9
 
 
RMSD: 1.64 (2.11/1.10) 
 
M
o
d
e 
2
0
 
 
RMSD: 0.49 (0.47/0.51) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
2
1
 
 
RMSD: 1.38 (1.85/0.83) 
 
M
o
d
e 
2
2
 
 
RMSD: 0.58 (0.76/0.38) 
 
M
o
d
e 
2
3
 
 
RMSD: 1.34 (1.48/1.18) 
 
M
o
d
e 
2
4
 
 
RMSD: 0.71 (0.69/0.74) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
126 
 
Table B1. (continued) 
 
M
o
d
e 
2
5
 
 
RMSD: 1.71 (1.95/1.43) 
 
M
o
d
e 
2
6
 
 
RMSD: 0.91 (1.07/0.73) 
 
M
o
d
e 
2
7
 
 
RMSD: 0.96 (0.96/0.96) 
 
M
o
d
e 
2
8
 
 
RMSD: 0.83 (1.09/0.53) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
127 
 
Table B1. (continued) 
 
M
o
d
e 
2
9
 
 
RMSD: 2.01 (2.46/1.48) 
 
M
o
d
e 
3
0
 
 
RMSD: 1.87 (2.10/1.60) 
 
M
o
d
e 
3
1
 
 
RMSD: 1.69 (2.56/0.68) 
 
M
o
d
e 
3
2
 
 
RMSD: 1.52 (1.78/1.23) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
3
3
 
 
RMSD: 1.18 (1.38/0.96) 
 
M
o
d
e 
3
4
 
 
RMSD: 1.11 (0.98/1.27) 
 
M
o
d
e 
3
5
 
 
RMSD: 3.19 (3.19/3.19) 
 
M
o
d
e 
3
6
 
 
RMSD: 1.25 (1.08/1.46) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
3
7
 
 
RMSD: 1.89 (2.25/1.47) 
 
M
o
d
e 
3
8
 
 
RMSD: 1.44 (1.60/1.25) 
 
M
o
d
e 
3
9
 
 
RMSD: 0.77 (0.97/0.55) 
 
M
o
d
e 
4
0
 
 
RMSD: 1.88 (2.47/1.19) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
4
1
 
 
RMSD: 0.68 (0.47/0.93) 
 
M
o
d
e 
4
2
 
 
RMSD: 1.33 (1.40/1.25) 
 
M
o
d
e 
4
3
 
 
RMSD: 1.41 (1.38/1.45) 
 
M
o
d
e 
4
4
 
 
RMSD: 1.94 (1.95/1.93) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
4
5
 
 
RMSD: 1.55 (2.12/0.90) 
 
M
o
d
e 
4
6
 
 
RMSD: 2.14 (1.29/3.13) 
 
M
o
d
e 
4
7
 
 
RMSD: 1.79 (1.36/2.29) 
 
M
o
d
e 
4
8
 
 
RMSD: 0.91 (1.04/0.76) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
0
2
4
6
8
10
12
14
0
2
5
5
0
7
5
1
0
0
1
2
5
1
5
0
1
7
6
2
0
1
2
2
6
2
5
1
2
7
6
1
7
9
2
0
4
2
2
9
2
5
4
2
7
9
3
0
4
3
2
9
3
5
4
3
7
9
4
0
4
4
2
9
132 
 
Table B1. (continued) 
 
M
o
d
e 
4
9
 
 
RMSD: 0.89 (1.04/0.72) 
 
M
o
d
e 
5
0
 
 
RMSD: 0.94 (0.72/1.19) 
 
M
o
d
e 
5
1
 
 
RMSD: 0.89 (0.78/1.02) 
 
M
o
d
e 
5
2
 
 
RMSD: 2.57 (2.42/2.74) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Table B1. (continued) 
 
M
o
d
e 
5
3
 
 
RMSD: 1.70 (1.64/1.76) 
 
M
o
d
e 
5
4
 
 
RMSD: 1.43 (1.83/0.97) 
 
CDK2, Cyclin A are left, right of red line, respectively, with image to show regions of motion: purple, 0.0- 
0.1 Å; blue, 0.1-0.5 Å; green, 0.5-1.0 Å; yellow, 1.0-2.0 Å; orange, 2.0-3.0 Å; red, more than 3.0 Å.  
Averages for complex, CDK2, and Cyclin A are under the image.  
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Appendix C 
X-ray RMSD Heat Maps for Low-mode Dockings of 40 Ligands 
 RMSD values are reported for each of the 40 ligand structures docked into 1134 
generated structures representing 54 low-frequency normal modes of vibration for CDK2 
(21 conformers or “frames” per mode).  Accordingly, the RMSD values for one ligand 
are represented by a 21 row by 54 column heat map matrix. 
 
 
 
Figure C1. Key for heat map matrices in Figure C2. 
 
135 
 
Ligand 1H1P 
 
 
Ligand 1H1Q 
 
 
Ligand 1H1R 
 
 
Figure C2. X-ray RMSD heat maps for CDK2 low-mode dockings. Refer to Figure C1 
for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 5 1 5 5 5 5 5 5 4 5 6 5 5 3 5 7 5 8 5 5 5 5 3 7 7 8 5 5 7 4 5 3 5 8 5 5 5 5 5 5 5 4 5 2 5 5 5 3 7
2 5 5 5 5 5 5 3 5 5 5 5 5 5 5 5 7 5 5 3 5 5 6 5 5 5 5 5 7 7 7 5 5 5 5 5 5 4 8 5 5 5 5 5 4 5 2 5 5 5 5 5 5 8
3 5 5 5 5 5 5 5 5 5 6 2 5 5 3 5 7 5 5 5 5 5 5 8 5 5 5 5 5 7 7 5 5 5 5 4 5 5 5 5 5 5 5 5 5 3 5 5 5 3 5 5 4 1 8
4 5 5 5 5 5 5 5 5 5 5 5 5 5 2 5 7 2 5 4 5 5 5 8 4 5 5 5 5 5 7 5 4 5 5 4 5 4 4 5 5 5 6 5 5 2 5 2 5 5 5 5 4 5 8
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 5 5 8 2 5 5 5 5 7 7 5 5 3 5 4 5 5 4 5 5 5 5 5 5 5 5 2 5 5 2 5 5 7 7
6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 6 5 5 5 5 4 6 7 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7
7 5 5 5 5 5 5 5 5 4 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 3 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7
8 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 3 5 4 5 2 5 5 5 5 5 5 5 5 6 4 5 5 5 5 5 5 5
9 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
10 5 5 5 6 5 5 5 5 5 5 5 6 5 5 5 5 5 6 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5
13 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
14 5 5 5 5 5 5 5 5 5 5 7 5 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 7 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5
15 5 5 5 5 5 5 5 5 7 4 6 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7 5 7 6 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 6
16 5 5 5 5 5 5 5 5 5 5 6 5 5 7 5 5 6 5 6 5 5 5 5 5 8 5 5 5 4 5 5 5 5 5 7 2 7 8 3 5 5 5 5 5 5 5 7 5 5 5 5 5 5 3
17 5 5 5 5 5 5 5 5 5 4 7 5 7 8 5 3 6 6 6 5 5 5 5 5 8 5 5 5 4 5 5 5 5 5 9 5 7 8 5 5 5 5 5 5 5 5 7 5 5 5 7 5 5 4
18 5 5 5 5 5 5 5 5 5 5 8 5 5 7 5 5 6 6 7 5 5 5 5 6 7 5 5 5 5 5 5 7 5 5 9 5 7 7 5 5 5 5 7 5 6 5 7 5 5 7 2 8 5 5
19 5 5 5 5 5 5 5 5 7 4 8 5 7 8 5 5 4 6 8 3 5 5 7 7 5 5 5 5 5 5 7 5 5 10 5 8 7 5 5 5 5 5 5 5 4 7 5 5 5 5 6 9 1
20 5 5 6 5 5 5 5 2 7 4 7 5 7 8 5 3 8 7 7 5 2 5 5 5 6 5 5 5 5 5 5 8 5 5 11 5 7 7 2 5 5 5 5 5 5 5 7 5 5 5 5 6 1 1
21 5 5 6 5 5 5 5 5 8 4 8 5 5 8 5 3 6 6 7 5 5 5 5 6 7 1 5 6 2 6 5 7 5 6 11 5 8 7 5 2 5 5 5 5 6 5 5 5 4 5 5 6 2 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 5 5 5 2 7 2 5 5 2 5 5 2 2 5 5 7 6 7 2 3 5 5 2 6 7 5 5 5 5 3 5 7 5 6 5 5 6 5 6 5 5 7 5 5 5 5 5 5 7
2 5 5 5 5 5 5 5 5 2 6 5 5 6 5 6 4 2 5 5 7 5 7 5 5 5 4 5 6 6 5 5 5 5 3 5 5 6 6 5 2 6 5 5 5 5 7 5 4 2 2 5 5 7
3 5 5 2 5 5 5 5 5 5 7 2 5 5 2 5 6 2 2 5 5 7 5 7 2 5 4 5 5 6 5 5 6 7 5 3 5 5 2 7 6 5 7 5 6 2 5 2 4 5 2 5 5 5 6
4 5 5 2 5 5 5 5 5 2 5 2 5 5 2 5 6 2 5 5 5 5 6 7 5 5 5 5 5 6 5 5 2 5 5 3 5 5 6 5 5 5 5 5 5 5 5 2 2 5 4 5 5 5 6
5 5 5 2 5 5 5 5 5 2 6 2 5 1 2 5 5 3 3 5 5 5 5 5 2 5 5 5 5 6 5 5 2 5 4 2 5 5 2 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 6
6 5 5 5 5 5 5 5 5 2 5 2 5 5 3 5 5 2 5 5 5 7 6 5 5 5 5 5 5 5 5 5 2 5 5 2 5 7 2 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5
7 5 5 5 5 5 5 5 5 5 5 2 5 5 2 5 5 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 2 5 5 2 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5
8 5 5 5 5 5 5 5 5 5 5 2 5 5 2 5 5 3 2 2 5 7 5 5 4 2 5 5 5 5 5 4 1 5 5 7 5 5 2 6 5 5 5 5 5 5 2 5 5 4 5 5 5 5 5
9 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5 2 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 6 5 5 5 5 5
10 5 5 5 5 5 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4
13 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
14 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 2 5 5 5 5 5 5 5 5 5 5 5 5 5 6 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 5 5
15 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 8 2 6 5 2 5 5 5 5 5 5 5 7 5 5 5 5 5 5 2
16 5 5 5 5 5 5 5 5 5 5 8 5 5 10 5 5 4 5 6 5 6 4 2 5 6 5 5 5 2 5 5 4 5 1 8 1 7 6 2 7 5 5 6 5 5 5 7 5 5 5 5 6 5 6
17 4 5 5 5 2 5 5 4 5 5 10 5 5 6 5 5 5 6 5 5 6 5 2 5 10 5 5 5 5 5 5 6 5 2 8 5 7 7 2 5 5 5 6 5 5 5 7 5 5 5 5 5 5 2
18 5 5 5 5 5 6 5 5 5 5 10 5 5 10 5 2 6 6 6 5 6 5 5 5 8 5 5 5 2 1 5 7 5 2 8 5 6 2 5 5 5 6 5 5 5 7 5 5 5 5 6 1 7
19 5 5 7 5 4 5 5 5 10 5 10 5 5 8 5 2 7 5 6 5 6 5 5 5 7 5 5 5 5 2 5 8 5 5 9 5 8 7 1 5 5 5 5 5 5 5 9 5 5 5 2 5 5 1
20 5 5 7 5 5 5 5 5 7 5 10 5 5 10 5 2 7 6 7 5 6 5 2 5 7 5 5 5 2 6 5 8 5 2 10 5 8 7 2 5 5 5 5 5 5 5 7 5 5 5 5 6 5 7
21 2 5 5 5 5 5 5 5 9 5 9 5 5 7 5 5 7 6 6 5 6 5 5 5 8 5 5 5 5 6 5 6 5 2 5 8 7 6 5 5 5 5 5 5 6 7 5 5 5 5 6 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 4 5 5 4 5 5 5 4 5 4 5 5 5 5 7 4 4 6 5 6 6 8 5 4 5 4 6 6 7 4 5 5 4 5 5 5 5 7 6 5 5 5 5 5 5 5 5 5 5 5 6 4 7
2 5 5 4 4 5 5 6 5 6 5 5 5 5 5 7 5 4 4 5 7 6 8 5 5 5 5 5 6 7 5 4 5 5 5 5 5 4 7 6 5 8 5 5 5 5 5 5 5 4 5 5 5 7
3 5 5 5 5 4 5 4 5 4 6 4 5 5 4 4 9 4 4 4 5 5 6 7 4 7 5 5 7 5 5 5 4 7 5 5 5 4 6 6 6 5 5 4 5 4 5 5 5 6 5 4 5 5 7
4 4 5 4 4 5 5 5 5 5 5 4 4 5 5 4 5 4 4 5 4 5 5 5 4 4 5 5 5 5 4 4 4 5 5 5 5 4 4 6 6 4 8 4 5 4 5 7 5 5 5 5 5 5 6
5 4 5 4 5 5 4 4 5 5 6 5 4 4 6 5 5 4 4 5 5 6 5 5 5 4 4 5 5 5 5 5 5 5 4 5 4 5 5 5 5 5 5 5 7 5 5 6 4 4 5 5 5 4 6
6 4 5 5 4 5 5 5 5 4 5 5 5 4 4 5 5 4 5 5 4 4 5 5 4 5 4 4 5 5 5 5 5 5 5 5 4 4 7 5 5 4 5 4 5 5 5 5 5 4 5 5 5 5 6
7 4 4 5 4 4 4 6 5 5 5 5 5 5 4 4 5 5 4 4 5 5 5 5 5 4 5 5 5 5 5 4 5 5 4 5 4 5 5 6 9 5 7 4 5 5 5 4 5 5 5 4 4 4 6
8 5 4 4 4 4 5 5 4 5 5 4 5 4 4 5 4 4 5 5 5 5 4 6 4 5 5 5 5 5 5 5 5 6 5 6 5 5 5 6 5 4 6 5 5 5 6 4 4 5 5 4 4 4 4
9 5 5 5 5 5 5 5 4 4 5 4 4 5 5 5 4 5 5 5 4 4 6 4 5 4 5 5 4 5 5 5 4 5 4 4 5 5 7 5 7 5 5 5 5 5 4 5 5 5 5 4 4 5 5
10 4 5 5 5 4 5 4 4 5 4 5 4 4 4 5 5 5 5 4 5 4 5 4 5 5 5 4 5 5 5 4 5 5 5 5 5 6 5 5 5 4 4 5 5 4 5 6 5 5 4 4 5 5 5
11 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
12 5 5 4 4 5 5 5 5 5 5 4 5 5 5 5 5 4 5 5 4 5 4 4 4 5 5 4 4 5 4 4 5 5 5 5 5 4 4 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5
13 5 5 4 5 5 5 5 4 5 4 5 5 4 4 5 5 5 5 5 4 5 6 5 6 5 5 4 4 4 5 5 5 4 5 5 5 5 4 5 4 4 5 4 5 5 5 5 4 5 5 5 5 4
14 4 5 4 5 5 5 5 4 4 4 5 4 5 5 5 5 4 4 5 5 5 4 4 5 5 5 5 5 4 5 5 5 5 5 8 5 5 5 4 4 5 5 4 4 5 4 5 4 5 5 5 5 4 4
15 5 4 5 5 5 4 5 4 4 5 7 5 5 5 4 5 5 5 5 5 5 5 4 4 5 5 4 5 4 5 5 5 5 5 8 4 5 6 5 5 5 4 4 5 5 5 5 5 5 5 7 5 5 4
16 5 4 5 5 5 5 5 5 5 4 8 5 4 10 4 5 6 5 6 4 5 5 4 5 6 4 4 4 5 5 5 5 5 4 8 6 7 7 5 5 4 5 7 5 4 4 5 4 4 4 5 5 5 6
17 4 4 5 5 4 5 5 5 4 4 10 5 5 10 4 5 7 5 6 4 6 4 6 5 7 4 5 5 5 5 5 5 5 5 9 5 8 7 6 4 5 4 5 4 5 5 8 5 4 4 5 5 6 6
18 5 5 5 5 4 4 5 5 6 4 8 5 5 6 5 5 7 4 5 4 5 5 4 5 7 5 5 5 4 1 5 5 4 4 9 4 7 4 4 5 4 5 4 5 4 6 5 4 4 7 5 4 7
19 6 5 5 4 5 4 5 4 6 4 10 5 5 9 5 6 6 5 6 4 6 4 4 5 8 5 5 5 4 6 5 5 4 5 10 4 7 7 4 5 5 4 5 4 6 4 7 4 5 5 5 6 9 6
20 4 4 5 4 4 5 5 5 5 5 10 5 5 8 4 4 8 7 7 5 4 5 4 5 9 5 5 4 4 7 5 5 5 4 9 4 8 7 4 6 4 4 5 4 7 5 7 4 5 5 5 5 6 6
21 4 5 5 4 5 5 5 4 6 6 10 5 5 7 5 5 7 9 6 5 6 5 4 5 7 5 4 6 4 6 5 8 4 4 13 4 8 8 4 6 4 5 6 4 7 5 7 4 4 5 5 6 9 4
136 
 
Ligand 1H1S 
 
 
Ligand 1JVP 
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Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 6 6 4 6 6 6 2 5 2 7 3 6 7 3 6 10 3 3 7 6 6 6 7 2 3 7 6 2 8 10 8 2 8 6 5 8 3 2 10 6 7 7 2 2 7 2 2 2 7 6 6 6 3 10
2 4 6 6 4 4 6 2 5 3 7 3 6 7 6 9 4 2 7 6 7 6 10 2 3 6 6 2 7 10 8 2 7 6 3 5 3 3 7 6 2 7 2 7 2 2 2 2 4 4 6 2 10
3 6 6 2 4 6 6 2 6 3 7 5 6 2 2 6 7 4 2 7 6 6 6 10 2 3 6 4 2 6 10 7 2 7 6 5 6 3 3 7 6 2 7 2 2 3 2 2 2 2 4 6 6 2 10
4 6 4 2 6 8 6 2 6 3 7 3 6 3 2 4 7 2 3 5 4 6 6 10 2 2 2 6 3 8 10 2 2 2 6 8 6 3 2 5 6 6 7 3 7 2 2 2 2 2 6 6 2 3 10
5 6 7 2 7 6 6 2 5 3 7 3 6 4 3 6 7 2 2 2 7 6 6 10 6 2 5 7 2 6 10 2 2 6 6 3 6 3 2 6 6 2 7 6 7 2 2 2 2 7 6 6 2 3 10
6 5 7 2 6 6 6 6 5 4 2 2 6 2 2 6 7 3 2 2 4 6 6 7 6 2 5 6 6 7 8 2 2 2 6 3 5 2 3 5 6 6 7 6 2 3 2 2 2 6 6 6 2 2 7
7 6 4 6 6 6 6 6 5 4 6 2 6 2 4 6 4 3 6 2 7 6 6 5 6 2 6 7 2 7 9 6 2 6 6 3 6 2 3 6 6 6 2 6 6 2 6 2 6 7 2 8 6 2 7
8 5 6 2 6 4 6 6 6 7 6 2 6 2 4 6 4 3 6 3 6 6 6 5 6 2 4 6 4 7 6 6 3 6 5 3 6 2 3 6 6 6 7 6 7 2 6 2 2 6 6 6 3 2 8
9 8 6 2 6 6 4 6 6 6 6 2 6 6 3 6 6 4 6 2 6 6 6 6 5 2 7 3 4 6 6 3 2 2 6 2 6 2 4 6 6 4 6 4 7 6 6 3 6 6 6 6 5 6 4
10 7 5 6 7 6 6 7 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 4 6 6 6 6 6 6 3 6 2 6 3 7 2 4 6 6 6 7 6 4 6 4 2 5 7 6 6 5 4 6
11 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
12 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 7 7 6 6 7 6 6 6 6 6 6 6 6 6 10 2 6 6 6 4 6 6 6 6 6 6 8 6 8 6 6 7 6 4
13 6 6 6 6 6 6 6 6 6 2 5 6 4 6 6 2 5 6 6 6 6 2 2 5 6 6 6 6 5 6 6 6 6 6 9 4 6 6 6 2 5 2 6 6 6 6 7 7 6 6 4 6 6 2
14 3 6 2 7 6 6 6 7 6 7 8 6 3 9 6 2 6 6 6 6 6 6 6 6 6 6 6 5 4 4 4 6 6 10 2 7 7 2 6 8 6 5 6 6 6 4 6 6 6 6 5 6 2
15 4 6 7 6 6 6 4 4 6 6 10 4 6 9 6 2 6 5 7 6 7 2 7 6 6 6 5 6 4 3 6 7 6 6 10 2 10 9 2 7 6 6 6 6 6 6 4 6 6 6 6 7 5 2
16 2 6 6 6 6 6 4 6 6 6 9 5 6 9 6 2 6 4 7 6 7 4 2 6 7 6 4 6 3 2 7 10 6 3 10 2 10 9 2 7 6 2 6 6 6 6 9 6 6 6 6 7 2 2
17 4 6 10 5 7 6 6 2 9 7 10 3 6 9 7 2 5 7 7 6 7 4 2 6 9 6 4 6 3 2 7 10 6 2 9 2 10 10 2 7 6 2 6 6 6 6 10 6 5 6 6 8 2 2
18 2 6 6 6 6 5 6 2 6 2 8 6 10 10 6 2 9 9 4 6 6 2 2 6 10 6 6 7 3 2 7 10 6 2 9 2 10 10 2 7 6 2 6 6 6 6 10 6 6 6 8 7 6 2
19 6 6 6 6 6 6 6 2 9 7 10 6 10 10 6 2 9 9 7 6 6 3 3 6 9 6 6 7 3 2 7 10 6 2 10 2 10 10 2 2 6 2 6 6 6 5 5 7 8 6 2 2 2
20 2 6 9 4 6 6 6 3 10 7 10 6 7 10 6 2 10 9 10 6 7 2 2 5 10 6 6 7 3 2 7 10 2 2 10 2 10 10 2 2 6 3 7 5 6 6 10 5 3 4 7 3 2 2
21 2 6 9 6 4 6 6 2 9 6 10 6 7 10 6 2 9 8 7 6 6 3 3 5 10 6 6 7 3 2 7 10 5 2 9 2 10 10 2 2 6 2 5 6 6 5 9 5 3 7 2 5 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 5 1 5 2 1 1 1 1 7 2 1 6 1 7 6 5 1 1 1 1 1 5 6 6 2 1 1 3 4 2 1 5 2 1 6 1 1 1 1 3 1 1 1 1 2 1 6
2 1 6 1 1 1 1 1 1 1 2 2 1 1 1 2 1 1 1 1 8 5 5 1 2 1 1 1 1 5 1 1 1 8 3 4 2 1 8 2 1 5 1 1 1 1 2 1 1 1 2 1 5
3 1 1 1 1 1 1 1 1 1 2 2 1 1 2 1 2 1 1 5 1 2 6 5 1 1 1 1 1 5 6 2 1 1 1 3 4 2 2 8 2 1 1 2 1 1 1 2 1 1 1 1 2 1 5
4 1 1 1 1 1 1 1 1 1 2 2 1 1 2 1 2 1 7 1 1 2 1 5 1 1 1 1 1 5 3 1 1 1 1 3 2 1 1 8 1 1 1 1 1 1 1 1 1 1 1 1 2 1 5
5 1 6 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 7 1 1 2 1 8 1 1 1 1 1 1 7 2 1 1 1 3 5 1 1 8 2 1 1 1 1 1 1 6 1 1 1 1 2 1 5
6 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 7 1 1 6 1 7 1 1 1 1 1 1 1 1 1 1 1 2 1 2 1 5 2 1 1 1 1 1 1 2 1 1 1 1 2 1 4
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
8 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 6 7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 6 1 1 1 1 1 1 1 1 1 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5 1 5 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 8 1 1 5 1 1 5 1 7 1 1 1 1 1 6 1 1 1 1 1 1 4 1 1 6 1 5 1 1 1 1 1 1 1 1 1 8 1 1 1 1 1 1 2
16 1 1 1 1 1 1 1 1 1 1 5 1 1 8 1 1 5 1 7 1 1 1 1 1 5 1 1 1 1 1 1 5 1 1 6 1 8 8 1 1 1 1 1 1 5 1 5 1 1 1 1 1 1 6
17 1 6 1 1 1 1 1 1 4 1 5 1 1 8 1 1 5 4 7 1 1 1 1 1 8 1 1 1 1 1 1 7 1 1 7 1 6 5 1 1 1 1 1 1 5 1 8 1 1 1 1 1 6 1
18 1 1 1 1 1 1 1 1 5 4 6 1 1 8 1 1 5 5 7 1 1 1 1 1 8 1 1 1 1 6 1 5 1 1 7 1 6 5 1 1 1 1 1 1 5 1 6 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 5 1 7 1 4 8 1 1 5 4 7 1 1 1 1 1 8 1 1 1 1 1 7 5 1 1 8 1 6 5 1 1 1 1 1 1 5 1 1 1 1 1 1 1 2
20 1 1 1 1 1 1 1 1 7 4 8 1 2 8 1 1 5 5 7 1 1 1 1 1 8 1 1 7 1 6 7 5 1 1 12 1 6 5 1 1 1 1 1 1 5 1 6 1 1 1 1 1 1 3
21 1 1 1 1 1 1 1 1 7 1 8 1 7 8 1 1 5 5 7 1 4 1 1 1 8 1 1 7 2 6 5 5 1 6 1 6 6 1 1 1 1 1 1 5 1 6 5 1 1 1 1 7 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 7 6 6 6 6 6 7 6 2 6 1 6 6 2 6 6 4 4 6 7 7 8 8 6 2 6 6 7 8 9 6 6 7 7 4 7 6 6 6 6 6 8 6 8 3 6 7 7 7 6 6 6 8
2 7 6 7 6 6 6 7 6 2 6 2 6 6 6 6 4 2 6 7 7 8 8 6 1 6 7 7 8 9 6 6 7 7 5 7 6 6 6 6 6 6 6 6 2 6 6 6 7 6 6 7 9
3 7 6 6 6 6 6 7 6 2 6 2 6 6 4 6 6 4 3 6 7 7 8 7 6 2 7 6 7 7 9 7 2 7 7 5 7 6 6 6 6 6 6 6 6 3 6 6 8 7 6 7 6 7 9
4 6 6 6 6 6 6 7 6 2 6 1 6 6 2 6 6 3 3 6 7 6 6 8 6 2 6 6 7 7 7 7 6 6 6 4 6 6 6 6 6 6 6 6 6 3 6 7 6 7 6 6 7 9
5 6 6 7 6 6 6 6 6 2 6 1 6 6 2 6 6 3 6 6 6 6 6 7 6 2 6 6 6 6 7 7 6 6 6 4 6 6 6 6 6 6 6 6 6 6 6 7 6 7 6 6 6 7 8
6 7 6 6 6 6 6 6 6 2 7 2 6 6 2 6 6 2 6 6 7 6 6 6 6 2 6 6 7 6 7 7 6 6 6 6 6 6 6 6 6 6 6 6 7 7 6 7 6 8 6 6 6 7 8
7 7 6 3 6 6 6 6 6 2 6 2 6 6 2 6 6 2 6 7 7 6 8 6 6 2 6 6 7 6 7 6 6 6 6 6 6 6 2 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 8
8 7 6 6 6 6 6 7 6 6 6 6 6 6 2 7 6 2 6 7 7 6 6 6 6 2 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 7
9 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6
10 7 8 6 6 6 6 6 6 7 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
11 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
12 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
13 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 7 6 6 7 6 6 6 6 6 6 6
14 6 6 6 6 6 6 6 6 6 7 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 8 6 6 6 6 6 6 6 6 7 6 6 7 6 6 6 6 7 7 7
15 6 6 6 6 6 6 6 6 6 6 8 6 7 7 6 7 7 7 6 6 6 6 7 6 6 6 6 6 6 3 6 6 6 6 9 6 8 7 6 6 6 8 6 7 6 6 7 6 6 6 7 8 7 7
16 6 6 6 6 6 7 6 6 6 6 8 6 7 7 6 7 7 7 6 6 7 6 6 6 7 6 6 6 6 3 6 7 6 6 9 6 8 8 6 6 6 6 6 7 6 6 7 6 6 6 7 8 8 8
17 6 6 6 6 6 6 6 6 6 6 7 6 7 7 6 7 7 7 8 6 8 6 6 6 7 6 6 6 6 3 6 8 6 2 9 2 8 8 6 6 6 6 6 7 6 6 8 6 6 6 7 8 7 8
18 6 6 6 6 6 6 6 6 8 6 7 6 8 7 6 7 7 7 6 6 7 6 6 6 7 6 6 6 6 3 6 8 6 2 9 6 8 9 1 6 7 6 6 7 7 6 9 6 6 7 7 9 8
19 6 6 8 6 6 6 6 2 7 6 10 6 7 7 6 7 7 7 8 6 7 7 6 6 8 6 8 6 6 7 6 8 6 6 10 6 9 9 1 6 6 6 7 7 7 6 9 6 6 7 7 7 8 8
20 6 6 8 6 6 6 6 2 7 8 10 6 7 7 6 7 7 8 8 6 7 2 7 6 10 6 6 6 6 6 6 8 6 2 11 6 9 9 1 8 6 6 6 7 8 6 9 6 6 7 7 8 9 8
21 6 6 8 6 6 6 6 2 7 6 10 6 7 7 6 7 9 8 8 6 7 6 5 7 9 6 6 6 6 5 7 9 7 2 11 2 9 9 1 6 6 6 6 7 8 6 9 6 6 7 7 8 9 8
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Ligand 1PYE 
 
 
Ligand 1VYW 
 
 
Ligand 1Y8Y 
 
 
Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 4 1 4 4 1 4 5 1 4 6 2 1 2 6 1 5 2 2 5 4 4 1 8 4 6 1 4 3 6 6 8 2 4 1 4 5 2 2 7 5 1 5 4 1 4 4 6 4 4 4 4 4 4 7
2 1 1 2 1 1 4 6 1 4 7 2 1 1 2 4 7 2 2 7 4 4 1 6 4 1 4 4 3 7 6 2 4 4 4 4 4 2 2 2 7 1 8 1 1 4 4 6 4 4 1 3 4 9
3 1 1 2 1 1 4 6 4 4 4 2 1 1 2 4 8 3 4 7 4 2 1 8 4 4 4 4 4 8 8 4 4 4 5 4 4 2 2 8 2 1 4 1 1 4 6 6 4 4 1 1 3 4 7
4 1 1 4 4 1 1 4 7 4 2 2 1 1 1 1 1 2 2 3 1 2 1 8 4 4 4 4 2 2 6 4 4 4 1 2 4 2 1 3 7 1 4 4 4 3 4 6 4 4 1 1 1 4 8
5 1 1 1 4 1 1 4 8 4 2 4 1 2 1 4 8 1 2 1 4 4 1 7 4 4 4 4 4 2 8 1 2 4 1 2 1 1 2 2 5 4 2 4 4 2 3 4 4 1 4 4 4 4 7
6 1 1 1 1 1 1 4 4 4 2 4 1 1 1 4 4 2 2 4 1 4 1 7 4 4 4 4 4 2 2 3 4 4 2 2 1 1 4 2 3 1 4 4 4 4 4 1 1 4 1 4 1 4 8
7 1 1 1 2 1 1 4 4 4 2 4 1 1 4 1 8 4 4 1 1 2 1 2 4 4 4 4 4 5 1 3 4 4 1 2 4 4 1 1 1 1 2 4 1 4 1 1 4 4 1 4 1 8 8
8 1 1 1 4 1 4 1 4 1 4 4 1 1 4 4 1 4 4 3 1 1 1 4 1 4 2 4 4 7 8 3 4 1 4 2 7 4 1 1 1 1 1 4 1 4 4 1 4 4 1 1 4 4
9 1 1 1 4 1 1 4 1 4 2 4 1 1 4 1 1 1 4 4 1 1 1 1 4 4 1 1 1 1 8 4 1 4 4 1 4 1 5 1 1 1 1 4 4 4 1 1 1 1 1 4 4 4 1
10 1 1 1 4 1 1 1 1 1 1 4 4 1 1 1 4 4 1 1 1 1 1 1 4 1 1 1 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1 1 4 4 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 4 1 4 4 4 1 1 1 4 1 1 1 1 1 1 1 1 1 4 4 1 1 4 1 1 4 1 4 1 1 1 1 1 1 4 1 4 1 1 4 1 1 1 1 4 1 1
13 1 1 1 1 1 1 1 1 1 4 1 1 4 4 1 4 4 1 1 1 4 1 4 1 1 4 1 1 4 1 1 1 1 4 7 1 4 4 4 4 1 4 1 4 1 1 4 1 1 1 1 1 1 4
14 1 1 1 1 4 1 1 4 4 4 7 1 2 8 1 4 2 4 2 4 1 1 4 1 4 4 1 1 7 4 4 1 1 4 7 3 7 2 4 4 1 4 1 4 2 1 4 1 4 1 4 4 1 1
15 1 1 1 1 1 1 1 4 4 1 7 1 1 5 1 4 2 6 7 1 4 4 4 4 4 1 1 1 1 4 4 1 1 4 7 4 7 7 4 4 1 1 1 4 2 1 6 1 1 4 4 7 1 1
16 1 1 1 1 1 4 4 4 7 4 8 1 8 6 1 4 7 8 7 1 1 1 4 4 4 1 5 4 4 2 8 1 4 7 4 7 8 4 4 1 4 8 7 2 1 6 1 4 4 4 4 1 4
17 1 1 1 1 1 1 4 4 8 4 8 1 8 8 1 4 6 4 7 1 1 1 2 8 4 1 1 1 4 4 1 8 1 4 8 4 7 7 4 4 1 1 4 4 1 1 7 8 4 4 4 4 4 4
18 1 1 7 1 4 1 1 4 2 4 8 1 2 8 1 4 7 6 5 1 1 4 1 4 8 1 1 2 4 4 1 8 1 4 7 4 8 6 4 4 1 1 4 4 2 4 6 7 4 4 4 4 4 4
19 1 1 1 1 1 4 4 4 7 4 8 1 8 8 1 2 7 7 5 4 2 4 2 8 7 4 1 7 1 4 2 8 4 4 10 4 7 7 4 4 4 1 8 4 4 4 1 4 8 4 4 4 4
20 1 1 6 1 1 1 2 4 7 7 8 1 7 7 1 2 6 7 7 1 2 4 2 8 7 1 1 1 4 2 3 6 1 4 13 2 8 7 4 4 1 1 6 4 4 3 8 2 4 4 4 5 4 4
21 1 1 6 1 4 4 2 4 7 4 7 1 8 8 1 2 7 7 6 1 2 1 2 2 7 1 1 1 4 4 2 7 1 4 12 4 9 8 4 6 4 1 7 4 5 1 8 8 1 7 4 5 8 4
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 9 9 2 8 9 9 9 9 8 1 9 8 9 8 8 8 9 8 10 10 9 11 2 9 9 9 2 11 8 9 8 9 9 8 8 4 8 11 8 8 8 9 9 9 9 4 9 8 2 9 8 8 9
2 9 9 2 8 9 8 9 3 8 8 9 8 9 8 9 9 8 8 9 8 8 11 9 8 9 8 8 11 10 9 9 9 9 8 9 8 8 10 9 9 9 8 9 9 8 3 9 8 9 1 8 8 10
3 9 8 8 8 8 8 8 3 8 9 8 9 8 8 9 10 8 8 9 8 11 8 11 8 9 8 9 9 9 8 9 9 9 9 8 8 8 8 10 11 9 8 9 9 8 8 8 9 8 9 9 8 2 9
4 9 8 9 9 9 9 9 9 2 2 8 9 9 8 8 2 8 9 9 9 9 11 8 9 9 8 8 9 9 3 8 8 9 8 2 3 8 10 8 9 8 8 8 9 9 2 9 8 9 3 8 9 9
5 8 8 8 8 8 8 3 8 9 2 8 9 9 8 8 8 2 8 9 8 9 8 11 9 9 9 8 8 9 9 9 9 9 8 3 8 8 8 8 8 8 9 9 9 9 8 8 9 9 9 8 8 10
6 9 8 9 9 9 9 3 9 9 2 8 8 9 8 8 9 9 9 9 3 9 9 11 8 9 8 8 8 9 9 9 9 9 8 8 9 9 8 8 8 8 8 8 9 9 9 8 9 9 8 9 9 8 10
7 9 9 8 9 8 8 9 9 9 2 9 9 9 8 9 8 8 8 8 8 9 3 10 9 9 9 2 8 9 9 9 9 3 2 3 9 9 8 8 9 9 8 8 9 9 9 3 8 8 9 8 8 9 9
8 9 8 8 9 8 8 8 8 3 9 9 8 2 8 9 8 8 9 2 8 9 8 9 9 9 8 9 8 2 9 9 8 8 8 8 9 3 9 9 8 9 9 9 8 9 9 9 8 8 9 8 8 9
9 8 8 9 8 9 8 8 8 9 9 9 9 8 8 9 9 9 8 8 8 8 9 9 8 9 8 8 9 8 9 8 9 8 9 8 9 9 2 9 9 9 8 8 9 2 8 9 9 9 9 9 8 2 8
10 8 9 8 9 9 9 8 9 8 2 9 9 2 9 8 9 9 9 8 8 8 9 9 8 8 9 9 9 8 8 8 9 9 8 9 9 9 8 9 8 9 8 8 9 8 8 9 9 9 9 9 8 8
11 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
12 9 8 9 9 8 8 8 8 9 9 9 8 8 9 9 9 8 8 8 8 9 8 8 8 9 8 8 8 9 2 9 9 9 9 9 8 8 8 8 9 8 9 8 8 9 8 8 8 9 9 8 9 9 8
13 8 8 8 9 8 9 9 9 9 9 9 8 9 9 8 8 9 9 8 8 2 9 9 9 8 9 9 9 8 9 2 9 2 9 9 8 8 9 9 2 8 8 9 8 8 9 9 9 8 8 8 9 8 9
14 8 9 8 9 9 8 9 8 9 8 9 8 9 9 9 9 9 9 9 9 9 9 8 8 9 9 9 2 3 9 9 8 9 8 9 8 9 9 8 8 9 9 9 2 8 8 8 8 8 8 9 9 8
15 8 9 8 9 8 8 8 8 2 8 9 9 9 9 9 9 8 9 8 9 9 9 9 9 9 2 9 8 8 2 8 8 9 9 10 2 8 2 8 8 9 9 9 8 8 9 8 8 8 8 9 9 8
16 9 8 9 9 8 8 2 8 9 9 9 9 9 9 9 9 9 3 8 9 8 2 2 9 11 8 9 2 8 2 8 8 8 8 10 9 9 9 9 9 9 9 8 9 8 11 8 9 9 9 9 2 8
17 8 8 9 9 8 9 9 9 9 9 10 9 9 10 9 8 9 8 9 9 8 8 8 10 2 8 9 9 2 10 9 8 9 10 9 9 9 9 8 9 8 9 9 8 11 8 2 8 8 9 9 8
18 8 8 9 9 2 9 3 8 9 9 9 7 9 10 9 9 10 9 9 9 8 8 8 9 11 8 9 8 8 2 10 9 8 9 11 8 10 10 8 8 8 9 9 9 8 9 11 5 2 8 8 9 9 4
19 8 9 9 9 2 9 9 9 9 9 10 8 9 11 9 9 10 9 10 8 9 9 9 11 10 8 8 8 8 8 10 9 2 8 11 9 11 9 9 9 9 8 9 9 9 9 9 3 9 9 2 8
20 8 9 8 9 8 9 9 8 8 9 10 8 9 9 8 9 9 9 11 9 9 9 8 9 11 8 9 3 3 8 10 10 2 9 10 8 10 11 8 8 8 3 8 8 8 8 11 8 2 2 9 9 2 8
21 9 8 2 9 3 9 9 8 10 9 10 9 9 10 9 9 8 9 9 9 9 2 2 9 11 9 9 8 8 8 9 10 2 2 10 9 10 10 9 8 8 9 9 8 9 8 10 8 2 3 9 9 9 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 3 6 5 4 6 6 8 6 5 6 8 3 8 8 4 6 5 10 8 3 7 8 6 4 4 6 6 7 7 9 9 2 5 9 7 9 7 9 6 8 3 10 5 2 4 5 3 4 3 5 8 4 4 8
2 9 6 5 4 6 5 5 6 5 6 9 9 4 2 4 6 5 10 8 3 9 6 6 9 3 3 6 6 7 8 8 2 5 9 7 6 3 3 6 8 2 6 5 6 5 4 6 4 6 5 8 4 5 8
3 6 3 3 5 3 3 9 5 5 6 5 3 2 9 6 5 5 5 8 3 3 6 6 6 3 3 6 9 10 9 8 7 5 9 4 6 3 2 6 8 4 6 5 5 5 5 8 4 6 9 6 4 3 8
4 3 4 8 6 3 6 6 6 5 6 9 3 2 9 6 5 5 5 8 3 6 8 6 6 3 3 5 8 6 9 6 9 6 9 7 6 2 2 6 6 4 3 4 4 5 4 4 4 4 5 6 4 8 8
5 6 6 5 4 3 3 3 6 5 8 9 6 4 9 4 5 5 5 8 6 9 6 6 4 3 3 6 6 9 5 8 2 3 9 4 6 2 9 6 6 5 3 5 5 5 4 4 4 3 4 6 3 5 8
6 3 6 3 4 3 3 5 6 3 9 3 6 4 5 3 5 5 5 8 3 3 6 6 6 3 9 3 6 6 9 8 2 6 9 4 9 5 9 6 3 3 9 5 6 5 4 3 5 4 4 9 3 5 8
7 6 8 5 6 6 3 3 6 6 8 4 3 4 5 4 6 5 9 5 3 3 6 6 5 4 3 3 4 6 9 3 2 3 6 3 5 4 2 5 3 5 6 9 6 5 4 3 5 4 6 6 4 5 9
8 8 9 5 3 3 3 3 6 5 6 5 3 4 6 6 5 5 4 9 6 3 3 6 4 5 6 6 9 6 9 10 4 6 6 3 6 4 5 3 6 6 3 6 3 7 4 4 5 9 4 5 3 9
9 5 9 5 6 3 3 3 3 4 2 6 3 6 3 6 3 4 4 6 3 3 6 3 5 2 6 6 4 3 3 5 2 9 6 3 6 4 4 3 3 6 3 3 6 5 6 4 2 4 4 3 6 3 3
10 3 4 6 9 6 6 2 3 4 6 4 3 5 3 5 5 4 4 6 6 3 3 6 6 6 6 6 6 7 3 6 6 3 3 3 2 2 6 6 6 8 6 6 6 6 4 6 6 4 3 3 3 3
11 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
12 6 6 3 3 6 3 3 2 6 9 3 3 3 3 6 3 3 3 3 9 3 3 4 3 9 6 4 4 5 6 3 6 6 3 6 6 3 6 2 6 3 6 6 6 6 5 3 6 6 6 6 3 6 6
13 8 4 3 3 6 6 6 5 3 6 9 3 6 6 3 6 8 3 6 6 3 3 4 6 3 6 3 6 3 9 6 3 6 9 6 5 9 6 4 6 6 6 6 6 3 6 6 3 6 3 6 7 3 4
14 6 6 3 4 6 6 6 3 6 6 9 3 6 6 6 4 9 5 6 6 6 2 9 3 6 9 6 5 5 9 3 8 3 4 10 4 6 6 4 6 3 6 3 3 5 3 6 3 6 3 6 6 8 4
15 4 6 3 6 4 9 6 4 6 6 6 6 6 6 6 4 8 8 6 6 6 6 5 6 9 3 6 6 3 9 5 6 5 2 11 4 6 6 4 6 6 6 3 5 9 5 7 3 6 3 6 3 6 2
16 4 6 3 3 4 6 6 4 6 5 6 3 8 6 3 6 6 8 6 4 6 4 9 3 6 6 5 8 9 8 8 6 4 7 3 6 6 5 6 6 4 6 3 9 5 6 3 6 3 5 3 8 2
17 9 6 6 3 4 6 6 4 6 7 9 3 7 6 3 4 9 6 7 5 6 2 4 6 6 6 6 5 3 5 9 6 9 3 10 7 7 6 5 6 5 2 3 6 6 7 6 3 6 3 3 5 2 3
18 4 6 6 3 4 6 6 4 9 8 9 3 9 6 5 9 8 8 6 2 6 5 9 9 6 6 6 8 5 4 8 6 9 4 11 4 9 6 4 6 3 8 6 3 9 5 7 3 7 3 5 7 2 3
19 4 6 7 9 5 6 6 2 6 8 9 3 5 10 6 9 6 6 8 2 6 9 8 6 9 5 5 6 8 4 9 5 8 4 10 2 7 6 6 6 3 6 6 3 9 2 3 9 6 5 3 2 2
20 6 6 9 3 6 5 6 6 6 8 9 8 8 7 3 9 6 8 8 4 9 3 6 6 9 4 5 5 5 2 9 5 6 4 11 4 8 6 4 6 3 4 6 3 6 3 11 5 9 3 5 10 2 2
21 3 6 9 6 6 5 3 5 6 8 9 6 8 10 6 9 8 8 7 5 9 5 2 6 9 5 6 6 5 2 9 10 6 2 10 2 9 7 4 2 3 5 9 8 8 6 7 5 8 6 3 3 2 2
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Ligand 1YKR 
 
 
Ligand 2A4L 
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Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 3 2 10 2 11 2 2 2 2 2 3 2 2 10 5 11 11 11 2 2 2 4 3 9 11 3 3 10 7 9 10 2 2 13 12 2 7 2 1 2 2 3 2 2 2 2 3 2 11
2 2 2 2 2 3 2 2 3 2 11 3 2 2 2 2 9 2 2 10 2 12 10 12 2 2 2 2 3 11 11 3 2 2 7 9 11 2 2 10 4 2 11 2 2 2 2 3 2 2 2 2 2 7 12
3 3 2 4 2 2 3 2 3 2 11 2 2 2 2 2 3 3 2 11 3 11 10 11 2 2 2 2 2 4 7 6 2 2 12 8 9 2 2 8 4 2 11 2 2 2 2 2 2 2 2 2 2 6 11
4 3 2 11 2 2 2 2 3 2 11 2 2 2 2 2 3 2 2 3 3 5 10 12 2 2 2 2 2 6 2 3 2 2 10 3 11 2 2 10 4 2 2 2 2 2 2 3 2 2 2 2 3 11 11
5 2 2 4 2 2 2 2 10 2 2 2 2 2 2 2 3 3 2 3 2 2 10 12 2 2 2 2 2 12 6 2 2 3 10 3 9 2 2 8 4 2 2 2 2 2 2 2 2 3 2 2 2 2 7
6 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 11 11 2 2 2 2 2 2 4 3 3 2 2 2 2 10 2 3 10 10 2 2 2 2 2 2 10 2 12 2 2 3 5 9
7 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 3 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 4 2 2 2 2 2 2 2 2 2 2 2 2 2 4
8 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 3 3 2 2 2 2 3 2 2 4 2 2 2 3 3 2 2 10 4 2 2 2 2 2 2 2 2 10 2 2 12 2 4
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 3 2 2 2 2 10 10 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 6 2 2 3 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 11 2 2 3 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 3 2 2 6 2 2 10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 11 3 2 2 2 2 2 2 3 2 11 2 2 2 2 2 2 2
14 2 2 11 2 2 2 2 2 7 2 10 2 3 3 2 2 3 4 2 2 3 2 2 2 7 2 2 2 2 2 2 10 2 2 11 2 9 7 2 3 2 2 3 2 10 2 10 2 2 2 11 2 2 3
15 2 2 12 2 2 2 2 2 2 2 7 2 4 3 2 2 3 2 11 2 2 2 2 3 10 2 2 2 3 2 10 7 2 2 11 2 11 7 2 9 2 2 3 11 10 2 7 2 2 2 2 2 3 2
16 2 2 12 2 2 2 2 2 10 10 7 2 11 10 2 2 3 3 11 2 3 2 2 3 10 2 3 2 2 2 10 10 2 2 10 2 9 10 2 5 2 2 2 10 10 3 8 2 2 2 3 2 3 3
17 2 2 11 2 2 2 2 2 3 11 11 2 6 12 2 2 10 4 10 2 3 2 2 2 7 2 3 2 3 2 11 12 2 2 10 2 6 11 2 5 2 2 3 3 10 12 9 2 2 2 3 2 2 2
18 2 2 11 2 2 2 2 2 10 10 13 2 5 11 2 2 9 9 10 2 3 2 2 4 12 3 2 2 3 2 10 9 2 2 11 2 9 7 2 3 2 2 2 3 10 3 13 2 4 2 11 2 3 2
19 2 2 11 2 2 2 2 2 7 10 9 2 5 11 2 2 10 10 10 2 3 2 2 4 12 2 2 10 3 5 10 7 2 2 11 2 10 9 2 3 2 2 2 3 10 3 10 2 2 11 2 2 3 5
20 2 2 9 2 3 2 2 2 11 10 12 2 5 12 11 11 10 9 9 2 3 3 2 10 12 2 2 10 3 2 8 9 2 2 10 2 10 8 2 5 4 2 4 3 9 12 13 2 2 2 5 2 3 3
21 2 2 9 2 2 2 2 2 10 10 12 2 11 12 2 11 10 6 10 2 8 3 2 10 12 2 3 10 3 5 8 9 2 2 11 2 10 9 2 3 2 2 11 3 10 12 10 3 3 2 3 9 3 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 8 2 8 7 8 1 1 7 2 2 9 10 2 2 2 2 2 6 2 2 8 8 7 7 2 2 7 8 2 7 2 2 1 3 2 8
2 2 2 2 1 1 2 2 2 2 2 2 2 1 2 2 7 7 2 8 8 7 8 9 1 2 2 8 1 8 8 2 2 2 2 1 1 2 2 8 7 2 8 2 2 7 2 2 1 8 1 1 7 2 8
3 2 2 2 2 8 2 2 2 2 2 2 2 2 2 7 8 2 2 2 8 8 7 8 1 2 2 3 1 9 9 8 2 8 2 1 2 2 2 8 8 2 8 1 2 7 2 2 7 1 1 2 3 2 9
4 7 2 2 2 2 7 2 2 2 1 2 2 2 2 2 6 7 2 2 7 7 8 8 1 2 2 2 2 2 2 8 2 7 2 1 8 2 2 8 7 1 8 2 2 7 2 2 2 2 2 2 3 7 8
5 7 2 7 7 8 7 2 2 1 2 2 2 2 2 7 7 2 1 2 3 7 8 8 2 2 2 2 2 2 2 7 2 8 2 2 1 2 2 8 7 2 7 2 2 7 1 2 7 6 2 1 3 7 8
6 1 2 7 7 2 2 7 2 2 2 1 1 1 2 2 8 2 2 2 2 7 7 3 2 2 7 2 2 8 2 2 7 7 2 2 2 2 2 7 2 2 7 2 1 7 2 2 2 8 7 2 2 7 2
7 2 1 2 2 2 2 2 2 7 1 2 7 2 2 2 7 2 2 2 8 7 8 8 2 2 2 7 2 2 2 8 1 2 2 2 2 2 2 8 2 1 8 1 2 7 7 2 1 2 2 2 7 8 2
8 7 2 2 1 1 2 2 2 1 2 1 7 2 2 7 7 7 2 1 7 2 2 2 1 1 2 7 7 7 2 8 2 2 2 2 2 2 2 2 2 2 2 1 2 7 2 2 2 7 1 2 2 3
9 1 7 2 2 7 2 2 2 2 1 2 2 1 2 2 2 7 2 2 8 2 2 2 2 2 7 2 1 7 7 8 7 7 2 2 2 2 1 2 2 2 2 7 1 7 7 2 2 2 7 2 7 2 2
10 2 7 2 2 2 1 2 7 7 2 2 7 2 7 1 1 7 2 7 2 1 2 8 7 1 2 1 2 1 2 2 7 2 8 2 2 2 2 1 2 7 2 2 2 7 8 2 2 2 2 2 2 2 8
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 1 7 2 7 2 2 7 2 2 1 2 2 2 2 2 2 7 2 2 7 2 7 2 2 1 2 7 7 8 1 8 7 7 1 2 2 2 1 1 2 2 7 2 2 2 2 2 2
13 2 2 2 2 2 2 2 7 7 7 8 2 7 2 1 2 1 2 2 2 2 7 2 7 8 2 2 1 2 1 1 1 1 2 3 7 2 2 7 2 2 1 1 7 1 2 8 2 2 2 2 1 2 1
14 2 2 2 2 7 1 1 2 2 2 2 2 2 2 2 2 1 8 2 1 1 2 2 2 3 2 2 2 2 2 2 2 2 2 8 2 8 2 1 2 2 7 2 2 1 7 3 2 1 2 2 2 2 2
15 2 1 2 7 7 2 2 1 2 7 2 2 8 2 7 2 2 2 8 2 1 2 2 2 8 7 1 7 2 2 1 1 1 2 11 2 8 8 2 2 2 1 2 2 2 2 3 2 2 2 2 2 1 2
16 7 7 2 2 7 2 2 2 2 7 9 2 7 8 2 1 2 2 2 1 8 2 2 2 8 2 1 2 1 1 2 2 2 8 2 9 8 2 2 2 1 2 2 1 2 7 1 1 1 2 2 1 2
17 2 2 1 2 2 2 2 2 2 2 9 2 8 2 2 1 2 2 7 2 8 2 2 8 8 2 2 1 1 2 1 8 1 1 9 2 9 8 2 2 2 2 2 7 1 2 8 1 2 2 2 2 2 2
18 2 2 2 2 2 2 1 8 2 3 6 2 3 7 2 2 2 8 8 2 7 7 2 8 8 2 2 1 1 1 1 8 1 2 9 2 9 2 2 2 1 8 2 2 1 8 2 2 2 3 7 1 1
19 2 2 3 2 1 7 2 2 2 7 9 2 3 8 2 2 1 8 8 1 8 2 2 1 8 7 1 1 2 1 1 8 1 2 10 7 8 8 2 1 2 1 8 2 1 2 8 2 1 2 1 1 1 2
20 2 1 2 2 2 2 2 2 2 8 9 1 2 9 2 2 8 8 8 2 7 2 2 8 7 7 2 1 1 2 1 8 1 1 10 2 8 7 1 2 2 2 2 8 2 2 11 1 1 2 1 8 2 5
21 2 1 2 3 7 2 2 2 6 8 9 7 3 8 2 2 6 7 8 2 8 1 2 8 8 2 1 2 1 2 1 8 1 2 11 2 9 8 1 2 1 2 8 8 8 1 11 2 2 8 2 8 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 3 3 7 2 7 7 7 2 2 2 3 2 2 2 7 2 3 7 2 7 7 8 7 2 2 3 8 9 7 7 3 6 7 3 7 2 2 7 7 7 7 2 2 1 3 2 2 7 7 3 3 7 7
2 2 2 2 7 7 7 7 7 2 3 2 7 2 2 7 7 7 3 6 2 7 7 7 2 2 7 2 7 9 7 8 2 6 7 3 7 3 2 7 7 7 7 7 3 7 3 2 7 7 7 3 7 7
3 2 2 2 7 2 7 7 7 2 3 2 2 3 7 7 7 6 2 7 7 7 2 8 3 2 7 7 3 7 7 8 7 6 7 3 7 2 3 7 2 2 8 7 2 7 7 7 7 7 7 2 3 7 7
4 2 2 2 7 3 7 7 7 7 3 2 2 3 7 2 7 6 3 8 3 7 7 7 7 2 7 2 4 2 7 7 2 6 7 3 7 2 2 7 4 7 7 2 2 7 3 2 7 8 7 2 3 7 7
5 3 2 3 2 2 7 7 6 7 2 2 7 2 2 7 7 8 7 8 7 7 3 7 7 7 7 2 3 2 7 7 7 3 7 3 7 7 2 7 2 2 3 2 3 7 7 3 3 8 7 2 3 7 7
6 3 2 3 2 7 7 7 2 7 2 7 7 2 7 2 6 3 7 3 7 2 3 7 7 7 7 2 3 3 7 6 7 3 2 2 7 2 3 7 7 7 3 2 2 7 7 2 7 7 7 2 3 7 8
7 3 2 3 3 2 3 7 7 2 3 2 2 7 7 3 3 3 7 7 7 7 2 7 7 2 7 2 3 3 3 3 3 2 7 2 7 7 7 7 4 3 7 2 3 7 7 3 7 7 7 7 2 7 7
8 3 2 3 7 2 3 7 7 3 2 7 7 7 7 7 2 3 7 2 7 7 3 2 7 7 7 3 7 2 7 2 3 7 7 7 2 7 7 2 7 7 7 2 7 7 3 2 7 7 2 2 7 3
9 2 3 2 7 2 2 7 7 2 2 7 2 7 7 2 2 3 7 3 7 7 7 3 7 7 2 2 7 2 6 7 2 7 2 7 2 2 7 7 7 2 7 2 2 7 7 3 2 7 7 3 7 7 7
10 2 2 7 7 2 7 7 3 7 2 7 7 7 7 2 7 3 2 7 2 2 2 7 7 2 7 7 3 7 7 7 7 7 2 2 7 3 7 2 2 7 3 3 7 3 2 2 7 7 3 2 7 7
11 3 3 3 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
12 2 2 2 2 3 2 2 2 7 7 3 7 2 3 7 7 3 2 2 3 7 2 7 2 3 2 3 2 7 7 2 2 7 3 7 3 2 2 3 2 7 7 7 2 3 7 7 3 2 2 7 7 2 7
13 2 3 2 7 2 7 2 7 3 7 7 2 7 3 2 7 3 7 2 2 2 7 7 3 2 2 2 2 7 7 2 2 2 7 7 7 2 2 3 2 2 2 7 7 3 7 3 7 2 7 7 7 7 7
14 2 2 3 2 3 7 3 2 2 3 7 7 3 7 2 7 7 2 7 3 3 7 3 2 7 2 2 2 7 3 2 3 3 2 7 7 7 7 7 2 2 3 7 7 3 2 7 7 2 2 7 7 7 7
15 3 2 2 2 7 3 2 2 7 2 7 7 3 7 2 7 7 2 7 3 2 7 3 3 7 3 7 2 7 2 2 7 2 2 8 7 7 7 7 2 7 7 7 7 7 3 7 2 2 2 7 2 3 7
16 3 2 3 2 7 7 2 7 7 3 7 2 3 7 2 7 7 7 7 3 3 7 7 2 7 2 7 2 7 3 7 7 2 7 8 2 7 7 7 2 3 2 3 3 7 3 7 2 2 7 2 7 2 7
17 3 2 2 3 3 2 2 7 7 3 7 7 3 7 2 7 7 7 7 7 3 7 3 6 7 7 7 7 7 2 8 7 2 7 8 7 8 7 7 2 7 2 7 3 7 3 8 3 2 7 7 7 2 7
18 3 2 7 2 2 3 2 7 7 7 7 7 3 7 2 7 7 7 7 7 3 7 2 7 7 2 7 7 3 2 7 7 2 3 8 2 7 7 2 2 2 7 3 7 3 8 6 3 7 7 7 7 7
19 2 2 7 2 2 7 2 7 7 8 7 3 7 7 3 7 7 7 8 3 3 7 3 7 7 7 7 7 7 2 7 7 2 7 12 7 8 7 2 2 7 2 7 2 7 3 8 2 3 2 7 7 3 7
20 2 3 8 2 3 3 3 3 7 7 8 3 8 7 2 7 7 7 7 7 3 7 3 7 8 7 7 7 7 3 7 7 2 11 7 8 7 3 2 3 2 2 2 7 3 8 3 2 2 3 6 7 7
21 2 2 8 2 3 3 2 7 7 7 8 7 7 7 2 7 7 6 7 2 3 2 3 7 8 7 7 7 7 2 7 7 2 2 13 7 8 9 7 2 7 2 4 2 7 6 8 3 2 2 3 7 7 7
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Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 7 2 7 2 2 3 2 2 8 2 2 6 2 8 5 7 2 2 2 2 2 8 7 2 2 2 5 3 7 2 2 4 5 2 2 2 2 2 2 7 2 2 2 2 3 2 9
2 2 2 2 2 2 2 2 7 2 7 2 2 3 2 2 8 2 7 6 2 7 5 9 2 2 2 2 2 7 7 2 2 2 7 7 7 2 2 8 5 2 2 2 2 2 2 3 2 2 2 3 2 7
3 2 2 2 2 2 2 2 3 7 3 2 3 2 2 7 2 2 2 2 2 5 7 2 2 2 2 2 7 7 2 2 2 7 3 7 2 2 7 5 2 2 2 2 2 2 2 2 2 2 2 2 2 7
4 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 7 2 2 2 2 2 7 7 2 2 2 2 2 2 7 2 2 2 7 3 6 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7
5 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 7 2 2 2 2 2 7 7 2 2 2 2 2 2 2 2 2 2 7 3 7 2 2 7 7 2 2 2 2 2 2 2 2 2 2 2 2 2 7
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 3 7 2 2 2 2 2 2 2 2 2 2 7 3 7 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 7 2 2 7 2 2 2 2 6 2 7 2 2 2 8 2 2 2 2 2 2 2 2 2 8 2 7 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 7 2 2 7 2 2 7 2 7 2 7 2 2 2 7 2 2 2 2 2 2 7 2 2 8 2 7 7 2 2 2 2 2 2 7 2 7 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 7 2 7 2 2 7 2 2 7 7 7 2 6 2 2 2 7 2 2 2 2 2 7 7 2 2 9 2 7 7 2 2 2 2 2 2 6 2 7 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 8 8 2 2 8 2 2 7 7 8 2 7 2 2 2 8 2 2 2 3 2 7 7 2 2 9 2 9 7 2 2 2 2 2 2 6 3 8 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 8 2 8 2 5 8 2 2 7 7 4 2 7 2 2 2 8 2 2 7 3 2 6 7 2 2 9 2 7 2 2 2 2 2 2 6 3 8 2 2 2 2 3 2 5
19 2 2 2 2 2 2 2 2 7 7 8 2 2 4 2 2 7 7 8 2 6 2 2 2 8 2 2 7 3 6 7 7 6 2 10 2 8 7 2 2 2 2 2 6 7 9 2 2 2 2 3 7 2
20 2 2 2 2 2 2 2 2 7 3 8 2 5 5 2 5 7 7 7 2 7 2 2 7 8 2 2 7 3 6 8 7 7 11 2 8 8 2 2 2 2 2 2 7 7 8 2 2 2 2 3 7 5
21 2 2 7 2 2 2 2 8 6 8 2 2 5 2 6 7 7 9 2 7 2 2 7 5 2 2 7 3 6 7 7 7 2 12 2 9 8 2 2 2 2 2 2 7 7 8 3 2 2 2 3 7 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 3 5 5 5 5 5 5 4 5 3 5 5 4 5 5 7 5 7 5 7 4 5 5 5 5 5 7 4 5 6 5 4 7 5 5 6 5 5 5 4 5 4 3 4 5 4 5 3 5 4 7
2 5 5 5 3 5 5 4 5 4 5 5 4 5 5 5 6 5 5 7 5 6 5 7 5 5 5 5 5 5 7 5 5 4 5 5 3 5 5 7 5 5 5 4 5 5 3 5 4 5 5 5 3 7
3 3 5 5 4 5 4 3 5 5 4 3 5 5 5 5 5 4 7 4 4 5 7 5 5 5 5 5 5 7 5 5 4 5 7 5 4 4 6 5 5 5 5 5 4 5 5 4 4 5 3 5 4 7
4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 7 5 4 4 7 5 4 5 3 4 4 7 4 5 6 5 4 5 5 5 6 5 5 5 5 5 5 3 5 3 5 5 3 5 5 7
5 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 4 5 4 4 5 5 5 5 5 5 5 6 4 5 5 5 5 5 5 5 6 5 5 5 3 5 5 5 5 5 5 5 5 5 4 7
6 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 3 5 5 4 5 5 5 5 4 5 4 5 5 7 3 5 5 5 5 5 5 5 5 5 5 4 5 7
7 4 5 5 5 5 3 4 5 5 5 4 5 5 4 5 5 5 5 5 4 5 3 5 5 5 5 4 5 5 5 5 5 4 4 5 4 5 5 5 3 5 5 5 5 3 5 4 5 5 4 5 5 5
8 5 3 5 5 5 4 3 5 3 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 4 5 5 3 5 5 4 5 5 5 4 5
9 5 5 5 5 5 5 4 5 5 5 4 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 4 5 5 4 4 5 5 5 5 5 5 5 4 5 5 3 5 4 5 5 5 5 5 5
10 5 5 5 4 5 5 5 5 3 5 5 4 5 5 5 5 5 5 4 4 5 5 5 5 3 4 5 4 3 5 5 5 5 5 5 4 5 5 5 5 5 5 4 5 5 5 5 4 5 5 5 3 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 7 5 5 5 5 5 5 5 5 5 4 5 5 5 5 4 5 4 4 5 5 5 5 3 5 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 3 5 5 5 5 7 5 5
13 5 5 5 4 5 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 4 4 5 5 5 4 5 6 3 5 5 4 4 5 5 5 3 5 5 5 5 3 4 5 5 5 3
14 5 5 5 5 5 3 4 5 5 5 5 5 5 4 3 3 5 4 5 4 5 5 5 5 5 3 5 4 5 3 3 5 5 5 7 5 5 5 4 4 5 5 3 4 5 5 4 5 3 5 5 4 5 5
15 5 5 5 5 5 5 5 3 5 5 7 5 5 4 5 4 5 5 5 4 5 5 5 3 5 4 5 4 4 5 3 5 5 4 7 5 7 5 4 4 3 5 5 5 5 5 4 5 4 5 5 5 5 3
16 5 5 5 5 5 5 5 3 5 5 8 5 3 5 5 4 5 5 6 5 5 5 4 5 7 5 5 5 4 5 5 5 4 5 7 5 7 6 5 4 5 5 5 3 5 5 8 5 5 5 5 5 5 5
17 5 5 5 3 5 5 4 4 5 5 7 4 5 7 3 5 7 5 5 5 4 5 3 5 8 5 5 5 4 5 5 6 5 4 8 4 7 8 5 4 5 5 5 5 5 5 8 5 5 5 4 4 5 5
18 5 5 5 5 5 3 4 5 5 5 7 5 5 8 5 5 7 5 7 5 5 5 4 5 7 5 5 5 5 5 5 6 5 5 9 5 7 7 5 4 5 4 5 5 5 5 5 3 5 5 5 5 3
19 5 5 5 5 5 5 5 5 5 7 7 5 5 8 5 4 7 7 7 5 4 7 5 3 7 3 5 5 4 5 5 6 5 5 9 5 8 7 5 4 4 4 5 4 5 5 8 5 5 4 5 7 7 5
20 5 5 5 5 5 5 5 3 7 7 8 5 3 7 4 5 7 7 7 4 7 5 5 5 7 3 5 5 4 5 5 6 5 4 12 5 8 7 5 4 5 4 4 4 5 5 8 5 5 3 5 4 7 4
21 5 5 4 5 5 5 5 3 7 7 8 5 5 7 4 4 8 7 8 5 7 5 4 5 8 3 3 6 4 5 5 7 5 3 11 5 8 7 5 4 5 4 5 4 5 4 8 3 5 3 5 4 7 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 5 7 5 2 1 2 5 4 2 5 5 5 5 5 5 7 5 8 5 5 5 4 5 5 8 7 5 5 7 6 5 6 7 8 6 5 6 5 5 7 4 6 4 6 5 5 5 6 9
2 5 5 5 5 5 5 7 5 5 1 2 5 5 2 5 4 5 5 5 5 7 5 8 5 5 5 4 5 6 7 7 5 5 8 7 5 6 5 8 6 5 5 5 5 3 4 6 5 6 5 5 5 6 7
3 5 5 2 5 5 5 5 5 1 2 5 4 2 5 5 5 5 7 5 6 5 8 5 2 5 4 5 5 7 7 5 5 7 4 5 5 5 8 6 5 6 5 5 3 4 6 5 5 5 5 5 6 8
4 5 4 5 5 5 5 5 5 2 5 5 5 4 2 5 5 5 5 7 5 7 5 6 5 5 5 5 5 5 7 5 5 5 5 6 5 5 7 5 5 5 5 5 5 3 4 5 5 6 5 5 5 6 8
5 5 5 5 5 5 5 5 5 5 5 5 5 4 2 5 5 5 5 7 5 4 5 8 5 5 5 4 5 5 7 4 5 5 5 6 5 5 5 5 5 5 5 5 5 4 4 5 5 5 5 5 5 6 8
6 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 7 4 5 5 7 6 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 7 7
7 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 6 7 4 5 5 5 6 5 5 5 5 5 5 5 5 5 4 4 5 5 5 5 5 5 5 7
8 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 6 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 7
9 5 4 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 5 4 5 5 5
10 4 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 5 5 5 4 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5
13 5 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5
14 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 8 5 5 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5
15 5 5 5 5 5 5 5 5 5 7 7 5 7 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 2 5 4 8 5 8 5 5 5 5 5 5 5 5 5 7 5 5 5 5 5 5 5
16 5 5 5 5 5 5 5 5 5 7 8 4 7 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 8 5 8 7 5 5 5 5 5 5 5 5 8 5 5 5 5 5 5 6
17 5 5 2 5 5 5 5 5 5 7 8 4 5 7 5 5 5 7 5 5 5 5 5 5 8 5 5 5 5 5 5 5 5 5 8 5 8 7 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6
18 5 5 5 5 5 5 5 5 5 6 8 5 7 8 5 5 5 7 5 5 5 5 5 5 8 5 5 5 5 5 5 8 5 4 8 4 8 8 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6
19 5 5 5 5 5 5 5 5 5 6 8 5 6 8 5 5 7 7 4 5 5 5 5 5 8 5 5 5 5 6 5 8 5 4 10 4 8 8 5 5 5 5 5 5 4 7 5 5 5 5 5 6 6 6
20 3 5 6 5 5 5 5 5 5 6 8 5 7 8 5 5 7 7 6 5 5 5 5 5 8 5 5 5 5 6 6 8 5 5 12 4 8 8 5 5 5 5 5 5 5 7 6 5 5 5 5 6 6 4
21 5 5 5 5 4 5 5 5 5 6 8 5 7 8 5 6 8 7 6 5 5 5 5 5 8 5 5 4 5 2 6 8 5 5 12 5 8 8 5 5 5 5 5 5 4 7 11 5 5 5 5 4 6 4
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Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 8 8 8 9 8 8 8 8 8 11 8 10 2 8 8 11 8 10 8 8 11 9 11 8 7 8 8 8 11 11 8 8 8 8 9 11 10 8 11 8 8 9 8 9 8 12 3 8 7 8 11 8 8 10
2 8 8 8 10 8 8 8 8 10 8 8 2 8 10 9 8 10 8 8 8 9 11 8 8 8 8 8 11 11 8 10 9 8 9 8 8 7 11 8 8 9 9 9 8 10 3 10 9 8 11 8 9 10
3 8 8 8 10 8 8 9 8 2 8 8 2 8 8 8 8 10 8 8 8 8 11 8 7 8 8 8 11 12 8 8 8 9 9 8 9 8 9 8 8 8 8 9 8 10 9 9 10 8 8 8 10
4 8 8 10 8 8 8 8 8 1 2 8 2 8 8 11 8 8 8 8 9 8 11 8 7 8 8 10 7 8 8 8 9 8 9 8 8 10 8 8 8 8 10 9 8 10 9 9 9 8 8 8 8 10
5 8 8 10 8 8 8 8 8 8 1 8 8 1 8 8 8 8 8 8 8 8 8 11 8 8 8 8 8 11 8 8 10 8 9 9 8 8 10 8 8 8 8 8 9 8 8 10 8 9 8 8 8 8 10
6 9 9 8 10 8 8 8 8 8 2 9 8 2 10 8 8 8 8 8 8 8 8 8 8 3 8 8 8 12 8 8 8 9 8 7 8 9 8 8 8 8 9 8 9 8 8 3 9 8 8 8 7 8 10
7 8 8 8 8 8 8 8 9 8 2 8 8 8 8 9 8 8 8 8 10 8 8 8 8 8 8 8 9 10 8 8 8 8 8 9 8 8 10 8 8 8 8 8 8 8 8 3 8 10 8 8 8 9 8
8 8 8 8 8 8 8 9 8 9 10 10 10 3 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 10 10 8 8 8 8 8 8 10 8 7 10 9 8 8 8 8 8
9 8 10 8 8 8 8 9 8 8 8 10 8 8 8 8 8 8 8 8 8 8 8 9 8 10 8 8 8 8 8 8 8 9 10 9 8 8 8 8 8 8 10 8 8 8 8 8 9 8 8 8 8 9 8
10 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 9 8 8 8 8 8 10 8 3 8 7 8 8 8 8 8 8 8 8 8 10 10 8 8 8 8 10 8 8 8 8 8 8 8 8
11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
12 8 8 8 8 8 9 8 8 8 8 10 8 10 9 10 9 8 8 8 8 8 8 8 8 10 8 8 8 7 8 8 8 8 9 11 8 10 8 8 8 8 8 8 10 8 8 8 8 9 8 8 8 8 8
13 8 10 8 8 8 8 8 9 8 8 8 8 8 8 8 8 10 9 10 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 11 10 8 8 10 8 8 8 8 9 8 8 8 8 8 8 8 10 10 8
14 8 8 8 8 8 8 8 8 8 8 11 8 8 9 8 10 8 8 10 8 9 9 8 8 9 8 10 8 8 8 8 10 8 11 8 8 8 10 9 8 8 8 8 8 8 8 8 10 8 8 7 7 8
15 8 8 8 8 8 8 2 8 8 8 11 8 8 8 8 8 10 8 11 8 10 10 9 8 8 8 10 8 10 8 9 9 8 10 11 8 11 11 10 8 8 8 10 8 8 8 10 10 8 9 8 8 11 11
16 1 10 8 9 8 8 10 8 8 8 11 8 8 8 8 8 10 9 11 8 8 8 10 10 9 8 7 10 8 1 1 9 10 10 11 8 11 10 8 8 8 8 8 8 8 8 11 8 8 8 9 8 10 7
17 8 8 8 8 8 8 8 11 8 11 8 8 11 8 8 8 8 11 8 8 10 8 9 9 9 7 8 8 2 10 11 9 2 11 8 11 10 8 8 8 8 9 8 8 8 10 8 8 9 8 11 11 9
18 8 10 8 8 8 10 8 8 11 8 11 8 8 12 8 10 12 8 11 8 8 10 8 11 11 8 7 10 8 2 10 10 8 1 12 8 11 11 10 8 8 8 8 8 11 8 8 8 8 10 8 10 10
19 8 8 8 8 8 8 8 8 11 8 11 8 8 12 8 8 9 11 11 8 9 10 8 12 12 10 8 8 8 1 7 10 8 2 8 8 11 10 10 8 8 8 9 9 9 8 10 8 9 8 9 9 10 2
20 8 8 8 8 8 8 8 2 8 10 12 10 8 11 9 10 9 11 11 8 9 9 8 11 11 8 9 8 8 1 2 10 8 9 8 8 11 11 8 8 8 8 8 9 11 8 11 8 8 8 9 11 9 3
21 8 8 11 8 8 8 9 8 11 8 11 8 8 12 8 9 10 11 11 8 9 10 8 8 12 9 9 10 8 1 11 11 10 8 14 8 11 11 6 8 8 8 8 9 9 8 11 8 8 8 10 8 9 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 2 2 1 2 1 1 1 2 1 9 2 1 7 2 9 7 9 1 2 2 2 1 9 6 2 1 1 2 3 2 2 2 6 9 1 11 1 1 2 1 2 2 2 1 1 7 2 8
2 1 1 1 1 1 2 1 7 2 2 2 2 2 2 1 9 2 1 7 2 8 6 6 1 2 2 1 2 2 6 2 1 2 2 3 2 2 2 9 9 1 2 1 1 2 1 2 1 2 1 1 7 2 8
3 1 1 1 1 1 1 2 7 2 2 2 1 1 2 1 9 2 2 2 2 2 7 10 2 2 2 2 1 2 11 2 2 2 2 3 2 2 2 6 11 1 1 1 1 2 1 2 2 2 2 8 2 8
4 1 2 1 1 1 2 2 2 1 2 2 1 1 2 1 9 2 2 2 2 2 7 6 1 2 2 2 1 2 11 2 1 2 1 3 2 1 1 9 2 1 1 1 1 2 1 2 2 2 1 1 8 2 8
5 1 1 1 1 1 1 2 2 2 1 2 1 1 2 1 2 1 1 2 1 2 1 10 1 2 2 2 1 1 2 1 1 1 2 2 7 1 2 8 2 1 2 1 1 2 1 2 1 1 1 1 2 2 7
6 1 1 2 1 1 1 1 2 1 2 2 1 1 2 2 1 1 1 2 1 2 1 2 1 2 1 2 1 1 2 2 1 3 8 2 1 1 2 3 2 1 2 1 1 2 1 2 1 2 1 1 2 2 8
7 1 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 2 2 2 1 2 1 2 1 1 2 1 2 1 2 1 3 2 1 2 1 6 2 1 2 1 1 2 1 1 1 1 2 2 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2 2 1 1 1 1 1 1 2 1 2 1 2 2 2 1 1 2 1 2 1 1 1 1 1 1 1 2 1 2 1 1 2 2 2
9 1 1 1 1 1 1 2 1 1 1 2 1 1 1 1 1 1 1 2 1 2 1 1 2 1 1 1 1 1 2 1 2 2 1 2 1 1 2 2 1 1 1 1 1 2 1 2 1 1 1 1 2 1 1
10 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1
13 1 1 1 1 1 1 1 2 1 2 1 1 2 2 1 2 2 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 2 2 1 2 2 1 1 1 1 1 1 1 2 2 1 2 1 1 1 2 2 1 1 1 1 11 1 2 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1
15 1 1 1 1 2 1 1 2 2 2 10 1 4 1 1 1 2 2 1 1 1 2 2 1 8 1 1 1 2 1 1 2 1 2 11 1 9 2 1 2 1 2 1 2 1 2 2 1 1 1 1 1 1 1
16 1 1 2 1 1 1 1 1 2 2 6 1 2 10 1 2 1 2 1 1 1 1 2 1 11 1 1 1 2 1 1 1 1 1 9 1 6 11 1 2 1 1 2 1 1 2 11 2 1 1 1 2 1 1
17 1 1 2 1 1 1 1 2 2 6 1 2 11 1 2 2 2 9 1 1 2 2 1 11 1 1 2 2 1 1 2 1 1 9 1 7 11 2 2 2 2 2 2 1 2 10 2 1 1 1 7 1 1
18 1 2 2 1 2 1 1 2 2 2 6 1 2 11 2 2 2 2 9 1 2 1 2 1 11 2 1 2 2 1 1 8 1 1 9 1 9 11 2 2 2 1 2 2 1 2 2 1 1 1 7 1 1
19 1 1 1 1 1 1 1 1 2 2 6 1 2 10 1 2 5 6 9 1 2 2 2 1 11 1 1 1 3 2 1 6 1 1 10 1 6 11 1 1 1 2 2 2 1 2 9 1 1 2 1 2 1 2
20 1 1 1 1 1 1 1 1 6 3 7 1 2 11 1 2 9 10 9 1 8 1 2 2 11 1 1 2 3 2 1 6 1 10 1 6 11 1 2 2 1 3 2 1 2 9 2 1 2 1 2 1 1
21 1 1 2 1 1 1 1 2 5 3 8 1 11 11 1 2 7 10 6 1 10 2 2 2 11 1 1 2 3 2 1 9 1 1 10 1 7 11 2 2 1 2 1 7 5 2 10 2 1 3 1 2 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 9 8 8 8 8 2 2 2 3 3 4 8 7 3 2 8 2 8 5 2 9 6 10 3 2 2 2 2 10 9 2 2 5 9 8 6 3 3 6 10 2 8 8 4 4 9 2 1 2 2 2 8 2 8
2 8 2 8 8 4 8 2 8 3 3 3 2 8 3 8 8 2 2 9 8 3 10 9 8 2 2 2 2 11 8 2 2 8 3 8 9 3 2 9 4 2 10 8 4 2 10 8 1 2 8 2 8 5 5
3 8 8 8 2 2 2 2 8 8 3 2 2 3 3 8 8 2 8 9 2 9 8 10 8 3 8 4 2 11 9 2 2 5 9 3 9 3 3 7 3 8 9 8 8 2 2 3 8 8 4 8 8 5 8
4 8 2 8 2 2 8 8 8 10 3 2 3 3 2 7 2 2 5 2 8 2 9 2 3 8 8 2 7 9 2 2 2 10 3 2 2 2 9 10 8 10 8 2 2 2 3 8 5 2 2 8 5 9
5 8 8 2 2 8 2 2 3 2 9 2 2 8 8 2 7 2 8 2 10 2 6 9 2 3 8 2 2 10 9 8 2 8 9 3 9 3 2 6 3 8 10 8 4 2 2 3 8 8 2 2 5 5 9
6 9 10 8 2 8 8 2 8 8 10 2 8 2 3 2 4 2 8 2 10 2 2 10 2 8 8 3 2 8 5 10 2 10 8 3 8 2 2 6 2 8 10 8 5 8 2 3 8 5 2 8 5 5 9
7 2 5 8 3 8 2 2 2 2 4 8 2 8 2 2 9 2 2 2 2 2 8 5 2 8 10 3 2 11 9 2 2 8 2 3 2 2 2 9 2 8 8 2 2 2 8 8 2 2 3 2 2
8 2 2 2 2 2 3 8 2 2 2 2 2 8 2 2 10 8 2 2 2 2 8 6 2 2 8 2 2 10 8 8 2 5 9 3 2 2 2 9 8 6 5 8 4 2 2 2 5 2 2 8 5 2
9 8 10 8 8 2 2 4 8 8 2 8 2 2 8 8 2 3 2 8 8 8 8 8 2 2 2 8 8 5 8 8 2 2 2 8 2 8 3 8 2 5 2 8 8 2 2 2 4 8 2 2 8 2
10 8 3 10 2 8 8 2 2 9 8 2 8 8 2 2 8 2 8 8 2 5 9 8 8 9 2 2 8 8 3 2 2 8 8 8 8 8 8 2 2 8 9 8 2 8 8 2 2 8 9 8 5 2
11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
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Figure C2. (continued) Refer to Figure C1 for the color key.  
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Figure C2. (continued) Refer to Figure C1 for the color key.  
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21 6 5 9 9 9 7 5 4 13 9 13 7 7 11 7 9 9 7 10 4 9 5 10 9 7 10 7 10 9 5 9 13 9 9 11 4 12 11 5 5 9 9 9 9 10 10 11 10 6 8 7 10 9 8
143 
 
Ligand 2IW8 
 
 
Ligand 2J9M 
 
 
Ligand 2R3F 
 
 
Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 7 6 2 6 6 6 8 2 7 4 6 2 3 6 9 8 2 10 9 6 6 9 6 3 6 4 2 8 10 8 2 8 9 9 9 3 2 6 6 6 6 2 2 4 4 2 2 8 6 2 7 2 7
2 8 6 2 6 8 6 8 6 3 7 3 6 9 2 6 9 2 2 7 8 8 6 11 6 6 6 2 8 10 8 2 6 9 10 9 3 2 10 6 2 6 3 2 7 2 2 2 8 7 2 7 2 7
3 8 6 2 6 6 8 6 6 2 7 3 6 2 2 6 10 4 2 7 6 6 6 11 2 2 8 8 2 6 8 8 2 6 6 8 9 3 2 6 6 4 6 2 4 2 3 2 2 6 4 6 3 5 10
4 6 5 2 7 6 7 6 6 2 8 2 6 2 3 8 7 4 2 10 6 6 6 4 6 2 5 6 2 8 6 6 2 8 6 9 9 3 2 6 6 6 6 7 8 6 6 2 2 8 6 6 2 5 10
5 7 7 2 6 6 6 6 6 2 6 3 6 6 3 6 7 3 3 7 8 4 8 7 7 2 6 6 8 6 8 9 6 6 6 3 6 2 2 6 6 6 6 7 8 8 2 2 7 6 6 6 2 6 9
6 7 6 9 6 6 6 8 6 2 2 2 6 4 3 6 6 3 2 8 8 6 6 8 6 2 6 6 8 7 7 9 2 8 9 3 6 2 2 6 6 3 8 3 8 8 6 2 3 6 8 9 6 3 9
7 3 6 2 6 6 6 8 6 8 2 3 6 2 3 6 6 4 8 2 6 6 9 8 6 2 6 7 8 8 6 9 4 6 9 3 6 2 2 6 6 8 6 6 8 2 6 6 6 6 6 6 6 6 8
8 6 6 6 6 2 7 8 6 8 9 3 6 7 2 8 6 2 6 6 3 4 6 6 6 2 6 6 6 6 6 9 2 6 9 3 6 2 2 6 6 2 6 6 6 8 6 2 8 6 8 6 6 6 6
9 6 6 6 9 6 6 6 6 6 8 2 6 8 6 6 6 6 6 6 3 6 6 6 6 3 6 6 6 4 6 6 2 7 6 2 6 2 8 6 6 9 6 6 7 8 6 7 4 6 6 6 6 8 6
10 6 8 6 6 6 6 6 3 6 6 6 7 3 7 6 6 8 6 7 3 6 6 6 6 8 6 8 2 6 6 6 6 8 6 7 6 7 6 6 6 6 6 3 6 6 8 2 6 2 8 6 7 6 6
11 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
12 7 6 6 6 8 8 4 2 6 6 6 7 6 6 6 6 6 6 6 6 8 6 6 6 7 6 3 8 8 6 4 6 6 7 6 2 6 6 6 6 8 6 6 6 6 6 8 6 6 6 6 6 6 6
13 6 6 7 6 6 6 6 6 6 6 6 8 8 8 8 7 6 9 8 6 8 6 6 6 6 6 3 9 6 3 6 8 6 2 10 6 8 8 3 9 3 8 6 6 6 6 9 6 8 9 6 6 7 5
14 7 6 6 6 8 6 6 6 8 6 9 6 6 9 6 6 6 6 9 6 6 6 9 6 6 6 6 4 6 8 8 6 2 8 10 6 6 8 8 8 6 6 3 6 6 9 8 6 9 6 8 8 7 2
15 6 6 9 6 6 6 6 6 6 6 8 6 9 9 4 2 8 6 9 6 6 2 9 6 9 6 6 8 6 7 8 8 6 7 11 9 9 8 2 3 8 3 6 6 6 6 8 6 6 6 8 6 7 2
16 4 6 9 6 8 8 6 3 5 6 10 6 6 9 6 2 9 7 8 8 6 2 2 8 9 6 6 8 6 2 8 8 6 8 11 6 10 9 7 7 6 7 6 2 8 4 10 6 6 6 8 8 2 2
17 3 8 8 8 6 6 6 6 9 6 10 8 6 9 6 2 8 6 10 6 6 8 2 8 9 6 6 8 6 2 7 8 7 8 10 6 10 10 2 6 6 2 6 6 6 6 9 6 6 8 8 3 5 2
18 6 6 8 6 6 8 6 6 9 6 9 6 6 9 4 2 9 9 9 6 6 2 2 6 11 6 3 8 3 2 7 8 6 7 9 2 8 10 2 3 6 2 8 6 5 6 10 6 6 6 8 7 2 2
19 8 9 8 6 8 6 4 3 5 7 9 6 6 10 6 2 10 9 9 6 2 2 6 10 6 6 8 3 2 7 8 2 2 10 2 10 10 2 6 6 2 7 6 6 6 10 6 6 8 8 10 2 2
20 2 6 9 5 7 4 6 8 6 7 9 6 7 10 6 2 10 8 7 2 8 3 2 8 9 6 6 8 3 2 7 8 5 2 10 2 10 10 2 2 6 2 9 6 6 6 10 6 4 7 8 5 2 2
21 6 4 9 6 3 2 2 2 10 7 10 6 8 10 6 2 9 8 10 4 6 3 2 8 10 6 6 8 3 2 8 9 7 2 9 2 10 10 2 2 7 3 6 6 6 6 9 6 6 6 8 5 1 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 8 7 2 7 7 7 10 8 8 7 8 7 6 7 7 7 7 7 7 8 7 8 7 7 7 7 7 7 7 6 9 9
2 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 8 9 9 7 8 7 7 7 7 7 8 7 7 7 7 7 6 7 7 7 7 8 7 7 7 7 7 7 6 7 8 7 7 6 6 9
3 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 8 7 7 7 7 7 8 7 7 7 7 7 6 8 7 6 7 8 7 7 7 7 7 7 6 7 8 7 7 7 9 8
4 7 7 7 7 7 7 9 7 7 7 3 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 6 7 7 6 8 8 7 7 7 8 7 7 6 7 9 7 7 6 9 9
5 8 7 7 7 7 7 9 7 7 7 3 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 8 7 8 8 6 7 7 7 7 8 7 7 7 7 7 7 6 7 8 7 7 7 9 9
6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 8 7 7 7 7 7 7 8 7 7 7 8 6 7 7 7 8 7 7 7 7 7 7 7 6 7 8 7 7 6 9 9
7 8 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 7 7 7 7 7 7 7 9 7 7 7 7 8 8 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 9 9
8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 8 9
9 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 7 7 7 7 7 7 9 7 7 7 7 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 9 7 9
10 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8
11 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
12 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
13 7 7 7 7 7 7 7 7 7 7 8 7 7 8 7 7 7 7 8 7 7 7 9 7 7 7 7 7 7 7 7 7 7 7 8 7 8 8 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7
14 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 7 9 7 7 8 7 7 7 7 7 7 6 7 9 7 7 7 7 7 7 7
15 7 7 7 7 7 7 7 7 7 7 7 7 7 8 7 8 7 7 7 7 7 7 7 7 9 7 7 7 7 7 7 8 7 7 9 7 9 9 7 7 7 7 7 7 7 7 9 7 7 7 7 7 7 7
16 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 6 7 8 7 7 7 7 7 7 7 6 7 9 6 9 8 7 6 7 7 7 7 7 7 9 6 7 7 8 7 7 7
17 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 7 7 7 7 7 7 7 7 9 7 7 12 7 9 9 7 7 7 7 7 7 7 7 9 7 7 7 8 7 7 7
18 7 7 7 7 7 7 7 7 7 8 7 7 8 7 7 7 7 9 7 7 7 7 7 9 7 7 7 7 7 7 9 7 7 13 7 9 9 7 7 7 7 7 7 7 7 9 6 7 6 7 7 7 7
19 7 7 6 7 7 7 7 7 7 7 9 7 9 8 7 7 7 6 9 7 7 7 7 8 9 7 7 7 7 7 7 9 7 7 9 7 10 8 7 7 7 7 7 7 7 7 9 6 7 7 9 7 7 7
20 7 7 7 7 7 7 7 7 7 8 9 7 9 8 7 7 7 6 8 7 7 7 7 7 8 7 7 7 7 3 7 8 6 5 12 7 11 8 7 8 7 6 7 6 7 7 9 7 7 7 7 7 7 7
21 7 7 6 7 7 7 7 7 7 8 9 7 9 8 7 7 7 9 9 7 7 7 7 7 8 7 7 6 6 3 7 8 6 7 12 7 10 9 7 6 7 7 7 7 6 7 9 7 7 8 7 8 7 7
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 6 6 6 6 6 6 6 6 6 7 6 6 5 6 6 7 6 6 7 6 7 6 8 6 6 6 6 5 6 8 6 6 6 6 5 6 6 6 8 6 6 6 6 6 6 7 5 6 6 6 6 5 6 8
2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 7 7 6 7 8 8 6 6 6 6 6 8 6 7 6 6 5 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 8 6 6 10
3 6 6 6 6 6 6 6 6 7 6 6 6 5 6 6 8 6 7 6 6 7 6 8 6 6 6 6 6 6 8 6 6 6 6 5 6 5 6 8 6 6 8 6 6 6 6 5 6 6 6 6 5 6 9
4 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 7 6 8 8 6 6 6 8 6 5 6 6 6 6 6 6 6 6 6 5 6 6 5 7 6 6 6 6 6 6 6 5 6 6 6 6 6 6 7
5 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 7 6 7 6 6 6 7 7 6 6 6 6 6 6 6 6 6 6 6 8 7 6 6 7 6 6 6 6 6 6 8 5 6 6 6 6 6 6 7
6 6 6 6 6 6 6 6 6 6 5 6 6 6 8 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 5 6 6 6 6 6 6 6 6 8 5 6 6 6 6 6 6 7
7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 7
8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6
9 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
10 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
11 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
12 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
13 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
14 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 9 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
15 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
16 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 9 6 7 6 6 6 6 6 6 6 6 5 7 6 6 6 6 6 6 5
17 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 7 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 10 6 8 6 6 6 6 6 6 6 5 6 8 6 6 6 6 6 6 5
18 6 6 6 6 6 6 6 6 6 8 6 6 7 6 5 7 6 7 6 6 6 5 6 8 6 6 6 6 4 6 6 6 6 10 6 7 8 6 6 6 5 6 7 5 6 8 6 6 6 6 6 5 5
19 6 6 6 6 6 6 6 7 6 6 8 6 6 7 6 6 7 7 7 6 6 6 6 6 8 6 5 6 5 6 6 6 6 6 10 6 8 8 6 6 6 6 6 6 5 6 8 5 6 6 6 6 5 5
20 6 6 6 6 6 6 6 6 6 6 8 6 6 8 6 5 7 7 8 6 6 6 6 6 8 6 6 6 6 4 5 6 6 6 8 6 8 8 6 6 6 5 6 6 5 5 8 7 6 6 6 7 5 5
21 6 6 6 6 6 6 6 6 6 6 9 6 6 7 6 5 7 7 7 6 7 6 6 6 9 6 6 6 6 6 5 6 6 6 12 6 8 8 6 6 6 5 6 6 5 6 8 7 6 6 6 7 5 5
144 
 
Ligand 2R3I 
 
 
Ligand 2R3Q 
 
 
Ligand 2UZO 
 
 
Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 6 5 5 5 5 6 7 6 7 5 6 5 5 6 7 6 5 5 7 6 8 5 6 6 6 6 6 6 5 6 5 6 5 7 5 6 8 6 5 6 6 5 5 6 5 6 5 5 5 5 5 8
2 6 5 5 5 5 5 5 6 5 6 6 5 6 6 6 7 7 6 5 5 6 6 8 6 6 6 5 6 6 8 6 6 5 6 5 6 5 6 8 6 6 6 5 5 5 5 5 5 5 6 5 5 5 8
3 5 5 5 5 6 5 5 6 5 6 6 5 6 5 5 7 6 6 5 5 6 7 8 5 6 5 6 5 7 5 6 6 5 5 5 5 6 6 8 7 5 6 5 5 5 6 5 5 5 5 6 5 5 6
4 6 5 5 5 5 5 5 6 5 5 6 5 6 5 5 7 7 6 6 5 5 6 8 6 6 5 5 6 5 5 6 6 5 5 6 6 6 5 7 6 5 6 5 5 6 5 5 7 5 5 5 6 5 6
5 6 5 6 5 5 5 5 6 5 6 6 5 6 5 6 6 7 6 6 5 6 5 6 6 6 6 5 6 5 5 5 6 5 6 5 6 6 5 7 5 5 5 5 5 5 5 5 6 5 5 6 5 5 6
6 6 6 5 5 5 5 5 5 6 7 6 5 6 5 5 7 7 5 6 5 6 6 5 5 6 5 6 5 5 6 5 5 5 6 6 5 6 5 6 5 5 5 5 5 6 5 5 5 5 6 6 5 5 6
7 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 7 5 5 5 6 6 5 5 5 5 5 5 5 5 5 5 5 5 6 5 6 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 6
8 6 6 7 5 5 5 5 5 5 6 5 5 6 5 5 5 5 5 5 5 5 6 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 6 5 5
9 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 7 5 5 5 5 5 5 6 5 5 7 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 6 5
10 5 5 5 5 5 5 5 5 5 5 6 6 6 5 5 5 5 5 5 6 6 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 6 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 6 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 6 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 6
13 5 5 5 5 5 6 6 5 6 5 5 5 5 6 5 6 6 5 5 5 5 5 5 5 6 5 5 5 5 6 5 5 5 6 6 5 6 5 5 5 5 6 5 6 6 5 5 5 5 5 5 6 6 5
14 5 5 5 5 5 5 6 5 6 5 6 5 5 6 5 6 6 6 6 6 5 5 8 6 5 6 5 6 5 6 5 5 5 5 9 5 6 5 5 5 5 5 6 6 6 5 5 5 6 5 5 5 6 5
15 5 5 5 6 5 6 6 5 6 5 6 5 5 6 5 6 6 6 6 5 6 6 5 6 5 5 5 6 6 5 6 5 5 5 9 5 8 6 6 5 5 6 5 5 6 5 6 5 5 5 5 5 5 5
16 5 5 5 6 5 5 6 6 5 5 8 5 5 6 6 6 6 6 8 5 5 6 6 6 6 5 5 5 5 5 5 6 5 5 8 5 8 6 5 5 5 5 5 5 5 6 6 6 5 6 5 6 6 5
17 5 5 6 5 5 5 5 5 6 5 8 5 6 6 6 6 6 6 8 5 5 6 6 6 6 5 5 5 6 4 5 5 6 5 9 5 8 7 5 5 5 6 5 5 7 5 6 5 6 5 5 6 5 6
18 5 5 6 5 5 5 5 5 6 5 9 5 5 6 5 6 6 6 6 5 5 5 6 5 8 5 5 5 6 5 6 6 5 6 10 5 8 8 6 5 5 4 6 5 7 5 8 5 6 5 5 6 4 6
19 5 5 6 5 5 5 6 5 6 5 9 5 5 8 5 6 6 6 8 5 5 5 6 6 8 5 5 6 5 5 4 7 5 5 8 5 8 7 6 5 5 5 5 5 6 5 6 6 6 6 6 6 4 4
20 4 5 6 5 5 5 6 5 6 5 8 6 5 9 5 6 7 7 8 5 6 6 5 6 8 5 5 6 5 5 6 7 5 6 8 5 8 8 5 5 5 4 6 5 7 5 10 5 6 5 5 6 4 4
21 5 5 5 5 5 5 5 5 6 6 8 5 6 8 5 4 7 8 7 5 5 6 6 5 8 5 5 5 5 5 6 7 5 5 11 5 8 8 6 6 5 5 6 5 7 5 7 5 6 5 5 6 4 4
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 6 6 6 6 5 6 6 6 5 7 2 6 5 5 6 8 6 5 8 6 7 6 8 6 5 6 6 6 7 9 6 5 6 8 6 8 6 8 6 6 6 5 6 5 7 5 6 6 6 6 6 6 8
2 6 5 6 6 6 6 6 8 6 6 8 6 2 6 6 8 1 6 7 6 7 6 8 6 5 6 6 6 8 9 6 6 6 8 6 5 6 6 8 6 6 6 6 6 5 7 5 6 6 6 6 6 6 7
3 6 6 6 6 6 6 6 6 6 5 2 5 2 6 6 8 6 5 6 6 7 6 8 6 5 6 6 6 8 7 6 6 6 7 6 8 5 6 8 6 6 6 5 6 6 6 2 6 6 6 6 6 6 6
4 6 6 6 6 6 6 6 6 5 6 8 5 2 6 6 8 7 6 7 6 7 6 8 6 5 6 6 6 6 6 6 6 6 8 6 5 5 6 8 6 6 6 5 6 6 6 5 6 6 5 6 6 6 8
5 6 5 6 6 6 6 6 6 6 2 4 5 5 5 6 7 8 5 6 6 6 8 8 6 5 6 6 6 6 6 6 6 6 8 6 6 6 5 6 6 6 6 5 6 6 6 5 6 6 5 6 6 6 7
6 6 6 6 6 6 6 6 6 6 5 5 5 5 5 6 8 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 5 6 6 6 6 5 6 5 6 5 6 6 6 6 5 6 7
7 6 6 6 6 6 6 6 8 6 2 1 6 5 6 6 7 5 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 5 7 6 6 5 5 6 6 6 6 6 6
8 6 6 6 6 6 6 6 6 6 5 7 6 5 5 6 6 7 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6
9 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 5 6 6 6
10 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
11 6 6 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 5 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 6 6 6
13 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 6 5 6 6 6 6 9 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
14 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 7 6 6 6 2 6 8 6 6 7 6 6 6 5 6 6 6 6 6 5 6 6 6 6 6 5 6 6 6
15 6 6 6 6 6 6 5 6 6 6 6 6 6 6 6 5 6 6 7 6 6 5 6 7 8 5 6 6 6 2 5 6 6 6 8 6 8 6 5 5 6 6 6 6 5 5 7 6 6 6 6 6 6
16 6 6 7 6 6 6 6 6 6 6 8 6 6 7 6 5 6 6 8 6 6 6 6 6 6 6 6 6 6 5 2 6 5 6 8 6 8 8 6 5 6 6 6 6 5 5 9 6 6 6 6 6 6 5
17 6 6 7 6 6 6 6 6 6 6 8 6 6 8 6 6 7 6 8 6 6 6 6 6 9 5 6 6 6 2 5 6 5 6 8 6 8 8 5 5 6 5 6 6 5 6 7 7 6 6 6 6 6 5
18 6 6 7 5 6 6 6 6 6 6 9 6 6 8 6 5 5 6 7 5 6 5 6 6 8 6 6 6 6 5 5 8 5 6 11 6 8 8 6 5 6 6 6 6 5 6 8 6 6 6 6 6 5 5
19 6 6 6 6 6 6 6 6 6 9 9 6 6 7 6 6 8 7 7 6 6 5 6 6 9 5 6 6 6 5 5 8 5 6 10 6 8 8 6 5 6 5 6 6 5 6 7 8 6 6 6 6 5 5
20 6 6 6 6 6 5 6 6 7 6 9 6 8 8 6 5 8 6 7 6 6 6 6 8 6 6 6 6 5 5 8 5 6 9 6 9 8 5 5 6 5 6 6 7 5 7 6 6 6 6 7 5 5
21 6 6 7 6 6 6 6 6 8 6 10 6 6 8 6 2 8 7 8 6 8 6 6 8 9 6 6 6 6 5 7 7 5 2 14 6 9 8 5 5 5 5 6 6 7 6 8 6 5 6 6 7 5 5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 8 8 8 8 8 8 9 8 8 9 8 8 8 8 8 5 9 9 5 8 6 8 9 8 9 8 8 8 9 10 8 8 8 8 8 8 8 8 6 8 8 9 8 8 3 9 8 8 8 8 8 8 8 8
2 8 8 8 8 8 8 9 8 8 9 8 8 8 3 8 5 9 8 6 8 9 8 9 8 8 8 8 9 10 7 6 8 8 8 8 8 3 8 6 8 8 9 8 8 3 9 8 8 8 8 8 7 8 8
3 8 8 9 8 8 8 8 8 8 9 8 8 8 9 8 9 3 9 8 8 9 8 9 8 9 8 8 8 8 7 8 8 8 8 8 8 8 8 8 9 8 9 8 8 3 9 8 8 8 8 8 5 8 8
4 8 8 8 8 8 8 9 8 8 9 8 8 8 8 8 9 9 9 7 8 3 8 9 9 7 8 8 8 9 9 8 8 9 8 8 8 8 8 8 8 8 9 8 8 3 8 7 8 8 8 8 8 9 8
5 8 8 8 8 8 8 8 8 8 9 8 8 8 9 8 8 8 9 9 8 8 8 9 8 8 8 8 8 10 8 8 8 9 8 8 5 8 8 8 8 8 9 8 8 8 9 8 8 9 9 8 8 8 8
6 8 8 8 8 8 8 9 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 9 8 7 8 8 8 9 8 9 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8
7 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 9 8 8 8 8 8 9 8 8 8 8 8 9 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 9 8 8 8 8 8 9 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 9 8 9 8 9 8 8 9 8 8 8 8 9 8 8 8 8 8 8 8 8 8
10 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 9 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
12 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
13 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
14 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 9 8 8 8 8 8 8 8 8 8 8
15 8 8 8 8 8 8 8 9 8 7 7 8 8 8 8 8 8 8 9 8 8 9 8 8 8 8 8 8 9 8 8 8 8 8 9 8 9 8 8 8 8 9 8 9 8 8 8 8 8 8 9 9 8 8
16 8 8 8 8 8 8 8 8 8 7 6 8 8 7 8 8 8 8 9 8 8 8 9 8 8 8 8 8 8 8 8 8 8 8 10 8 9 9 8 8 8 8 8 8 8 8 8 8 8 8 9 9 8 8
17 8 8 8 8 8 8 8 8 8 8 9 8 7 8 8 9 8 8 9 8 8 8 8 8 7 8 8 8 9 9 8 8 8 8 9 8 9 9 8 8 8 9 8 8 8 8 8 8 8 8 8 9 8 9
18 8 8 8 8 8 8 8 8 8 7 9 8 8 9 8 8 8 7 9 8 8 8 8 9 7 8 8 8 8 9 8 8 8 9 10 8 9 9 8 8 8 8 8 8 8 8 8 8 8 8 8 3 8 9
19 8 8 8 8 8 8 8 8 8 7 8 8 8 9 8 8 8 8 9 8 8 8 7 9 7 8 8 8 8 9 8 8 8 8 7 8 9 9 8 8 8 8 9 8 8 8 8 8 8 8 8 10 8 8
20 8 8 8 8 8 8 8 8 7 8 8 8 9 9 8 8 7 8 9 8 8 8 9 10 8 8 8 7 9 8 7 8 8 8 9 9 9 8 8 8 9 8 8 8 8 8 8 8 8 8 10 8 9
21 8 8 8 8 8 8 8 8 7 10 7 8 8 9 8 8 8 8 9 8 8 8 8 10 9 8 8 8 7 9 8 7 8 8 12 8 9 8 8 7 8 9 8 9 8 8 7 8 8 8 8 9 8 9
145 
 
Ligand 2V0D 
 
 
Ligand 2W05 
 
 
Ligand 2W17 
 
 
Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 4 5 6 3 7 5 6 5 5 4 6 6 4 5 4 6 5 4 4 5 6 5 5 4 4 4 5 5 5 6 5 5 5 3 5 6
2 5 4 5 5 5 5 4 5 5 7 5 5 5 5 5 4 5 4 4 4 6 4 6 5 5 5 5 5 7 6 6 5 5 4 5 4 6 5 6 5 5 6 5 4 5 6 6 5 4 5 5 4 5 6
3 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 4 5 6 5 6 4 5 4 5 4 6 6 4 5 4 4 5 4 5 5 6 5 5 4 6 4 5 4 5 5 5 4 5 4 5 6
4 5 5 5 5 5 5 4 5 5 5 5 5 5 4 5 5 5 5 4 5 6 5 6 5 5 5 5 4 6 6 4 5 4 4 5 6 5 5 6 5 5 5 5 5 5 4 5 6 4 4 4 4 4 6
5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 4 5 5 5 4 5 6 2 6 5 5 5 5 5 6 6 4 5 4 4 5 6 5 5 4 4 5 5 6 4 5 5 5 5 5 5 5 3 4 6
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Figure C2. (continued) Refer to Figure C1 for the color key.  
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2 11 2 2 2 2 2 2 7 2 4 2 5 2 2 2 9 2 2 10 2 9 6 7 2 2 2 3 2 4 10 3 2 2 10 11 11 2 3 6 11 1 7 2 2 2 2 3 2 2 2 4 4 2 10
3 4 2 2 4 7 2 2 7 2 4 2 2 2 2 2 10 2 2 11 2 4 11 7 2 2 2 6 2 4 10 11 2 3 6 3 9 2 2 11 7 7 6 2 2 2 4 3 2 2 2 4 3 2 7
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11 2 2 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
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7 5 5 1 5 1 2 1 5 1 1 2 1 5 6 2 1 1 1 5 2 1 5 6 2 6 5 5 1 1 1 1 1 6 6 2 6 5 1 1 2 1 6 1 1 1 5 3 5 1 5 6 6 2 6
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12 5 5 5 5 5 1 6 1 1 5 1 5 2 1 1 5 5 1 1 1 1 1 6 1 5 5 1 1 1 6 1 5 1 1 1 1 5 1 1 1 2 1 5 1 5 1 1 5 1 2 1 5 5 1
13 5 1 1 6 1 1 5 1 5 5 1 5 6 6 5 1 6 6 6 1 5 1 1 5 6 1 5 5 5 1 1 5 6 5 6 1 1 1 5 6 2 6 5 1 2 1 1 1 2 1 1 1 1
14 5 1 1 1 1 5 1 6 5 1 6 6 2 2 5 2 1 6 5 5 1 5 6 5 1 5 1 6 1 5 5 5 2 1 4 5 6 6 1 1 1 6 5 5 1 5 6 6 5 5 1 1 1 2
15 1 5 5 5 1 5 1 5 2 5 6 5 6 6 5 2 6 2 6 5 1 6 5 1 2 1 1 1 2 2 5 6 2 1 6 1 6 4 1 1 1 5 5 6 1 2 6 5 5 1 1 1 5 2
16 5 1 5 1 5 6 5 1 6 5 5 5 6 6 1 2 2 1 6 2 1 2 1 1 1 1 1 1 2 5 1 6 5 1 6 5 6 5 1 2 1 5 5 2 5 6 5 1 6 5 1 2 5 6
17 5 5 5 1 1 6 1 1 6 6 5 1 2 6 1 2 6 6 6 6 1 2 2 1 6 5 2 6 2 1 5 6 5 5 6 5 4 4 1 2 1 1 5 2 5 6 6 6 5 5 1 1 5 6
18 2 5 5 2 1 6 1 2 6 2 5 1 2 5 1 2 6 6 4 2 1 5 1 6 1 1 5 2 5 5 6 5 2 6 2 6 6 1 6 6 1 5 1 5 6 6 5 5 1 2 5 5 2
19 5 1 5 5 5 5 1 1 6 3 5 2 6 5 5 2 3 6 6 2 1 1 5 1 5 5 1 1 3 6 5 6 5 5 6 1 5 4 2 2 6 2 5 1 5 6 6 5 2 1 6 5 5 5
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Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 5 5 5 5 5 6 6 5 5 2 5 5 4 3 5 5 3 5 4 5 6 7 6 5 5 5 2 6 7 6 3 5 6 5 5 6 5 7 4 5 5 5 5 2 1 5 2 5 5 6 6 5 7
2 5 5 5 5 5 5 5 5 5 2 5 6 5 3 5 5 5 6 2 5 6 6 7 6 5 5 5 1 5 5 5 6 5 5 4 5 6 3 6 6 5 5 5 5 5 1 5 1 5 5 2 6 5 6
3 5 5 5 5 5 5 5 5 5 2 5 5 6 3 5 4 5 5 2 5 6 6 7 2 5 5 5 1 6 5 6 5 5 6 4 6 5 3 5 6 5 2 2 5 1 1 3 1 5 5 5 3 5 5
4 5 5 5 5 6 6 6 5 5 5 5 5 6 3 5 6 5 5 2 5 6 6 4 1 5 5 5 1 5 5 5 5 5 6 5 5 5 5 5 2 5 1 2 5 5 1 3 1 5 5 5 6 5 4
5 5 5 5 5 6 5 5 6 5 5 5 5 5 2 5 6 5 5 1 5 2 6 5 2 5 5 5 1 5 5 5 5 5 6 3 5 5 2 5 5 5 1 2 5 1 1 5 5 5 5 5 6 5 4
6 5 5 5 5 5 5 5 5 5 5 5 5 5 2 1 5 1 5 1 5 2 5 6 1 5 5 5 2 5 5 1 5 1 5 3 5 5 2 5 6 5 1 5 5 6 5 5 5 5 5 5 5 6 6
7 5 5 5 1 5 5 5 5 6 5 5 1 6 5 5 6 5 5 6 5 6 5 2 1 5 5 5 2 5 6 1 5 1 5 3 5 6 1 5 6 1 5 5 5 1 5 4 5 6 5 5 6 6 5
8 5 5 5 5 5 5 5 5 5 5 5 6 5 1 5 5 5 5 1 5 6 5 6 5 5 5 5 1 5 6 1 5 5 5 2 5 6 5 5 5 1 5 5 5 1 5 2 5 1 5 5 5 6
9 5 5 2 5 6 5 6 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5
10 5 5 5 5 6 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 6 5 5 5 5 5
11 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
12 5 5 5 5 5 5 5 5 5 1 5 5 1 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5
13 5 5 5 5 5 5 5 5 5 1 5 5 5 5 1 1 5 5 5 5 5 5 5 5 1 5 5 5 1 5 5 5 5 5 4 5 5 6 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 2
14 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 2 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 7 5 5 6 5 5 5 5 5 1 5 5 5 5 5 5 5 6 5 2
15 5 5 5 5 5 5 5 5 6 5 6 1 6 5 6 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 4 5 5 4 5 5 5 5 5 6 5 5 6 5 5 5 6 6 3 2
16 5 5 6 6 5 5 5 5 5 6 5 5 6 5 5 5 5 6 6 1 6 5 1 5 5 1 1 5 6 5 5 5 5 5 7 5 6 2 5 5 5 5 5 5 6 5 4 5 5 5 5 2 3 2
17 5 5 6 5 5 5 5 5 5 5 10 6 5 6 5 2 4 5 3 5 6 5 6 5 6 2 1 6 6 5 5 6 5 5 7 5 4 4 5 5 5 5 5 2 2 5 4 6 5 5 5 1 8 3
18 5 5 5 5 5 5 5 5 5 5 6 5 5 6 5 2 6 6 7 5 5 6 6 6 1 1 5 6 5 5 6 5 5 8 5 7 4 5 5 5 5 5 6 1 6 6 5 5 5 5 1 8 4
19 5 5 5 5 5 5 5 5 5 5 6 5 6 7 5 2 4 6 6 5 5 5 6 5 6 5 1 5 6 3 5 6 5 1 9 5 7 7 5 5 5 5 5 6 1 6 6 5 5 5 6 6 3 4
20 5 5 6 5 5 5 5 5 5 5 6 1 5 6 5 2 6 4 6 5 5 5 6 5 6 5 2 5 5 2 2 6 5 2 8 5 7 7 5 5 5 5 5 2 1 5 8 5 5 5 6 2 8 5
21 5 5 5 5 5 5 5 5 5 5 6 5 5 7 5 5 4 6 6 5 5 5 6 5 6 6 5 5 5 3 4 6 1 2 13 5 7 7 6 5 5 6 5 1 1 6 9 5 5 5 6 6 4 5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 7 7 2 7 2 2 2 2 2 2 1 2 7 7 7 1 8 8 8 8 2 3 1 2 1 8 7 7 2 7 2 2 2 2 2 8 8 1 7 7 2 7 7 3 7 7 2 2 4 2 9
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 8 8 7 6 8 2 3 2 2 2 8 8 2 2 2 2 2 2 2 2 8 8 2 7 7 2 7 7 3 7 7 2 1 3 3 9
3 1 7 2 2 2 7 2 2 2 2 2 2 2 7 2 7 3 2 2 8 8 6 7 2 2 2 2 2 9 8 7 2 2 2 2 1 2 2 8 7 7 7 1 2 7 2 3 2 7 1 2 7 3 9
4 1 8 2 2 7 1 7 2 3 2 3 1 2 3 2 7 3 2 2 2 7 8 8 2 3 2 7 2 6 8 7 2 7 2 2 1 2 2 8 8 7 7 1 2 7 7 2 2 2 2 2 3 7 8
5 2 2 7 2 2 2 8 2 2 2 3 1 2 3 2 7 2 2 2 8 7 6 8 2 3 2 2 2 2 2 7 2 2 2 2 2 2 2 8 2 2 7 1 2 7 2 3 7 2 2 2 3 2 9
6 2 2 2 2 2 2 7 2 7 2 2 2 2 3 7 8 7 1 2 7 8 2 7 2 2 7 7 7 7 2 7 2 2 2 2 2 2 2 8 2 7 2 2 2 7 7 2 2 7 2 2 7 7 2
7 2 2 2 2 2 7 2 2 2 2 2 2 1 2 2 8 7 1 2 8 7 8 7 2 2 2 2 2 2 2 7 2 2 8 2 2 2 6 2 2 2 2 2 1 7 7 2 2 2 2 1 3 2 7
8 2 7 2 2 2 2 2 2 7 2 2 2 1 2 2 7 3 2 2 2 3 1 8 1 2 2 2 2 1 2 2 2 2 2 2 1 2 7 8 2 2 2 2 2 2 2 2 2 7 7 2 7 2 1
9 2 2 2 2 7 2 2 2 2 1 2 2 2 7 2 7 7 1 2 7 8 2 2 2 7 7 8 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 7 1 2 2 2 2 7 7 7 2
10 2 1 2 7 2 7 2 2 2 2 2 2 2 2 2 2 7 2 2 2 7 2 2 2 2 2 2 2 7 2 2 1 2 1 2 2 2 7 2 2 2 2 7 2 2 2 1 2 2 2 7 2 7 7
11 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 8 2 2 2 2 2 7 7 2 2 2 1 2 2 2 2 1 7 2 2 2 7 1 7 1 2 2 1 2 1 2 2 2 2 2 2 7 7 2 2 2 2 2 7 1 2 2 2 2 2 1 7 2 2
13 2 2 2 7 2 1 1 2 2 8 2 2 2 2 7 2 1 2 1 2 2 7 2 2 8 2 2 7 2 2 2 2 1 2 9 2 8 2 2 2 7 7 2 7 1 1 2 8 1 2 7 2 2 2
14 2 2 2 1 2 2 2 1 2 2 2 7 2 7 2 2 2 2 1 2 2 2 2 7 8 7 2 7 2 2 2 2 2 2 9 2 8 8 7 1 2 2 7 2 1 2 8 2 2 7 2 2 1 2
15 2 2 2 7 2 7 2 2 2 2 2 7 2 8 1 2 2 2 2 2 2 2 2 2 8 2 2 1 2 2 1 2 2 2 10 2 8 8 1 1 1 2 2 2 2 2 8 1 7 7 7 2 2 2
16 1 7 2 1 2 7 1 2 2 7 8 2 2 7 2 2 2 7 7 2 7 1 2 2 8 2 2 2 2 1 1 2 1 1 8 2 8 8 1 2 2 1 2 2 1 2 8 2 2 2 7 2 1 2
17 2 2 2 2 2 2 1 2 2 8 9 2 2 3 2 2 2 7 7 2 7 1 2 2 8 2 2 2 2 1 1 3 2 2 9 2 8 3 2 2 2 2 7 2 1 2 8 2 2 8 7 2 1 2
18 2 2 2 2 1 2 1 2 2 8 6 2 2 8 2 2 2 2 7 2 2 2 8 9 2 2 2 2 2 1 8 1 2 9 2 8 8 2 2 2 2 2 2 1 2 8 8 2 2 2 2 1 2
19 2 2 2 2 1 7 2 2 2 7 8 1 3 8 2 2 1 8 8 2 5 2 2 8 8 7 2 2 2 2 2 9 1 2 9 2 9 8 1 2 7 2 8 8 2 2 8 2 2 8 2 7 2 1
20 2 2 2 2 7 2 2 2 2 8 9 7 6 8 2 2 8 7 8 2 7 2 2 8 9 2 1 2 1 1 2 6 2 1 10 2 8 8 1 2 2 3 8 2 1 2 8 2 1 2 2 3 1 5
21 3 2 2 1 2 2 2 3 5 3 9 7 3 9 2 2 9 8 7 2 7 1 2 8 9 1 2 4 2 2 2 8 1 2 11 2 8 8 2 2 2 2 2 8 7 2 11 2 1 2 8 2 2 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 9 8 10 7 8 8 7 8 5 8 7 7 9 9 9 9 9 8 10 8 10 7 7 9 8 10 8 9 6 8 7 8 9 7 8 9 8 7 9 7 8 9 10 9 9 7 4 8 10 9 8 9 12
2 8 8 10 8 7 7 8 11 4 9 11 8 9 9 9 6 9 8 10 8 10 10 7 7 7 8 7 7 9 7 7 7 10 9 10 8 10 7 8 10 8 7 10 9 9 9 9 8 9 7 8 8 9
3 8 8 10 8 8 7 7 11 9 11 10 9 11 9 7 9 7 7 10 10 5 8 8 10 6 8 8 8 9 7 8 7 7 9 8 8 7 7 7 8 7 7 10 9 10 9 6 8 8 10 9 8 10 7
4 8 8 10 9 10 8 7 8 9 9 10 8 9 10 8 9 9 7 10 8 10 10 7 9 6 8 10 8 8 6 7 7 7 7 9 8 7 7 8 9 9 6 9 9 10 4 7 8 8 7 8 8 8 12
5 8 8 7 7 9 8 7 8 9 10 10 8 9 10 8 9 9 7 10 7 10 10 10 9 6 7 10 7 9 8 7 7 7 9 10 8 7 8 9 8 9 7 9 9 8 9 9 7 9 7 11 10 10 12
6 8 8 10 9 10 7 7 7 9 11 6 8 11 9 8 10 9 8 10 7 8 7 8 7 7 8 10 7 9 7 7 7 7 8 10 8 7 7 8 8 7 8 7 10 9 9 9 9 7 7 8 10 10 9
7 8 8 7 7 7 7 7 11 8 9 9 7 9 7 7 7 7 7 8 8 11 7 8 10 6 9 10 7 9 8 7 7 7 7 7 8 7 7 6 9 7 9 8 10 8 9 7 9 7 7 8 9 9 10
8 8 8 7 7 7 8 7 8 7 11 7 8 9 6 7 7 8 9 7 8 8 10 9 10 6 7 10 7 10 8 7 7 7 8 7 7 8 7 8 7 9 7 8 9 7 7 9 7 7 8 9 9 9 7
9 8 8 7 9 8 8 7 7 7 10 9 10 7 9 8 8 10 9 7 7 7 8 9 7 8 8 7 10 9 7 8 7 10 8 7 9 9 10 8 8 7 8 8 9 7 8 10 9 10 9 7 10 9 7
10 8 8 7 7 8 8 10 7 8 8 8 8 7 9 8 8 7 9 10 7 7 8 10 7 9 8 7 7 8 8 8 7 7 8 9 8 7 9 8 7 8 7 7 8 9 8 7 8 7 9 10 9 7 7
11 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
12 8 8 8 10 8 8 8 9 7 7 7 8 7 8 8 9 8 8 11 8 9 9 7 8 8 7 8 8 7 9 8 8 7 8 8 9 8 8 7 9 7 10 7 7 8 7 8 9 9 10 7 7 8 7
13 9 8 8 8 7 7 8 7 8 7 8 8 7 8 9 9 7 8 8 7 9 7 10 8 8 8 8 11 7 9 10 10 9 9 10 10 8 9 7 7 7 7 7 7 8 8 9 9 10 7 9 8 7 7
14 7 10 10 7 10 7 8 7 9 8 9 8 7 9 8 10 7 8 8 9 8 8 9 10 8 7 8 8 7 10 8 9 10 7 10 9 9 10 7 7 8 8 8 9 10 7 10 8 8 8 7 8 7 7
15 7 8 10 8 9 10 9 7 9 7 9 8 8 9 8 8 7 7 9 9 9 7 9 8 8 8 8 8 7 10 10 9 10 8 6 9 9 8 7 7 8 11 8 7 10 7 9 7 7 8 7 8 7 9
16 7 7 10 10 10 8 9 7 9 8 10 7 7 9 10 10 8 8 9 10 10 8 7 8 9 7 10 8 8 7 9 7 9 9 9 7 6 7 9 9 8 11 8 9 7 7 8 7 8 10 10 8 7 6
17 7 8 10 8 9 7 10 9 7 8 7 7 8 9 7 8 10 8 9 9 10 9 7 7 9 8 9 9 7 7 9 9 10 9 9 9 6 7 9 9 8 7 8 9 8 7 9 7 8 7 8 9 6 9
18 7 10 10 8 7 7 9 7 8 8 9 10 10 9 8 8 10 6 9 8 6 9 7 7 6 9 9 10 7 11 10 9 10 9 8 9 6 7 7 10 8 10 8 7 8 10 6 7 8 7 9 9 7 9
19 7 7 8 10 7 10 8 9 9 9 11 8 7 10 8 11 8 6 8 8 10 11 7 8 6 8 9 7 7 10 10 11 8 7 8 9 8 7 8 6 11 7 9 10 8 10 9 6 10 9 8 8 7 9
20 7 7 7 10 9 10 10 6 10 9 9 7 10 10 7 8 8 6 9 7 10 6 7 8 7 7 10 9 7 10 10 10 7 7 14 7 6 9 7 9 10 7 8 10 8 9 7 8 7 7 9 9 10 7
21 7 8 8 8 7 7 8 7 6 9 8 7 10 9 7 8 9 6 9 9 9 6 7 8 6 7 10 9 10 10 8 8 10 4 15 7 8 9 8 6 8 6 8 9 8 10 9 8 7 7 10 7 10 8
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Ligand 3EZV 
 
 
Figure C2. (continued) Refer to Figure C1 for the color key.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 10 8 9 8 8 8 8 8 10 6 6 8 6 6 8 9 6 7 6 8 8 10 8 6 8 8 7 11 10 8 7 8 9 11 8 6 7 9 8 6 9 6 9 6 8 8 6 8 8 8 8 11 11
2 9 8 11 8 8 8 8 8 6 8 7 8 8 7 8 11 6 9 6 8 9 8 10 8 6 8 10 7 11 10 8 7 8 8 11 8 7 7 9 8 8 8 6 9 6 10 6 6 7 6 9 8 11 11
3 10 10 10 8 8 8 8 8 7 6 7 8 8 6 8 11 7 7 6 8 8 8 10 5 7 8 11 8 11 12 8 7 8 8 8 8 7 7 9 8 7 9 11 8 6 8 7 10 8 6 8 8 10 10
4 10 8 11 8 6 8 8 8 10 6 8 10 8 7 8 8 6 7 7 8 8 8 11 5 8 8 8 8 9 9 8 7 8 8 8 8 7 7 8 7 7 8 8 8 7 8 7 7 8 6 8 8 12 10
5 8 8 8 6 8 8 8 8 8 6 8 10 10 7 8 7 6 6 7 11 6 8 9 10 9 8 8 8 10 8 8 7 8 8 7 8 7 10 10 6 8 7 6 8 7 6 7 8 8 8 5 8 8 9
6 10 8 8 8 8 8 8 8 9 7 6 8 8 8 8 7 6 8 7 8 8 8 8 8 9 8 8 8 9 8 8 6 8 8 7 8 7 8 8 8 8 8 8 9 8 7 7 6 8 8 8 8 8 9
7 8 10 8 8 10 8 8 8 9 8 6 8 8 7 10 8 8 6 8 11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 7 9 7 7 8 8 8 8 6 8 6 8 7 8 8 8 8 8 8 10
8 10 8 8 8 10 8 8 8 8 8 7 8 8 8 8 6 8 6 11 8 8 8 8 8 9 8 10 8 8 8 8 5 8 8 7 9 7 5 8 8 8 8 8 8 8 8 7 8 8 8 8 8 6 8
9 6 8 8 8 10 8 8 8 7 6 8 8 10 10 6 6 6 8 8 7 8 8 8 5 8 11 8 8 11 8 7 8 8 7 8 8 8 8 8 8 8 8 8 9 6 8 8 8 8 10 8 8 8
10 10 8 8 8 8 8 8 8 8 8 8 8 8 7 8 7 8 8 8 8 6 8 8 8 8 10 8 10 10 8 8 10 8 8 5 10 7 8 8 8 8 8 8 8 6 10 8 8 8 8 8 8 8 8
11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
12 8 8 10 10 8 8 8 8 8 8 8 8 8 8 8 8 8 8 10 8 8 8 10 8 10 8 6 8 10 8 8 8 10 8 10 8 8 9 8 8 8 8 8 8 8 8 10 8 8 8 8 8 8 8
13 8 8 9 8 8 10 8 8 8 8 8 8 8 8 8 8 8 8 10 8 8 8 8 8 8 8 8 8 8 6 8 8 8 8 10 8 8 8 8 8 8 8 8 8 9 8 8 8 10 8 8 10 7 8
14 10 8 8 8 8 10 10 8 8 8 8 8 8 8 8 8 8 10 9 6 6 8 8 8 8 6 6 8 8 10 8 8 8 8 11 8 8 10 5 8 8 11 10 8 8 8 9 8 10 8 8 8 6 7
15 8 10 8 6 8 8 8 8 8 8 9 10 8 8 8 8 8 8 8 8 8 6 8 8 8 8 10 8 8 6 8 8 8 6 11 6 9 8 6 8 8 8 10 11 8 8 11 8 8 8 8 8 8 6
16 8 8 8 8 8 8 8 8 7 10 11 8 8 11 10 12 8 10 11 9 5 10 7 8 10 8 8 8 7 9 8 9 8 8 11 7 10 10 6 5 8 8 9 8 8 8 10 8 8 8 11 8 7 5
17 8 10 10 8 8 8 8 7 8 9 10 6 8 11 8 8 8 8 10 6 5 6 7 8 9 8 8 8 7 7 9 9 8 6 11 8 10 9 5 9 8 8 9 8 8 8 9 8 8 8 8 6 5 7
18 8 10 10 8 8 8 9 7 8 11 11 8 8 10 7 8 10 8 10 5 6 7 8 9 8 8 9 7 6 10 9 8 8 9 8 10 9 6 6 8 8 8 8 8 8 9 8 10 8 8 6 7 7
19 8 10 8 8 7 8 8 6 8 11 11 6 8 10 8 8 10 11 9 8 5 7 7 8 9 8 8 10 7 7 10 10 10 8 11 8 11 11 7 7 10 6 8 8 10 8 9 8 8 7 6 10 8 9
20 10 8 7 6 8 8 9 8 9 11 9 8 8 10 8 8 8 9 11 10 10 8 7 8 9 8 8 8 7 7 10 11 8 7 15 7 9 12 8 10 8 8 9 8 6 9 9 8 8 10 8 6 7 7
21 10 8 8 8 8 8 8 7 8 11 9 8 10 10 10 8 11 9 9 8 10 9 7 9 9 6 10 9 6 7 10 10 8 9 13 7 10 11 7 7 8 8 8 8 6 10 10 8 8 8 9 6 8 6
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Appendix D 
Cross-docking and Low-mode Docking Poses 
The following table of images report cross-dock and low-mode dockings poses 
and corresponding RMSD values.  The cyan structure common to all 3 columns within a 
row is the X-ray pose of the ligand molecule.  For the low-mode docking poses, two are 
given: the poses obtained from the lowest Gscore (center) and the absolute minimum 
RMSD value (right).  Values in parentheses are given for those ligand poses which 
included a portion of the docked molecule exposed to solvent such that the exposed 
atoms were the only part of the molecule not matching the X-ray pose; the second RMSD 
value was calculated without the rotated solvent-exposed atoms. 
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Table D1.  Cross-docking and low-mode docking poses compared to X-ray ligand poses. 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
1
H
1
P
 
   
 5.34 Å 4.65 Å 1.12 Å 
1
H
1
Q
 
   
 5.56 Å 1.44 Å 0.81 Å 
1
H
1
R
 
   
 6.03 Å 4.50 Å 1.12 Å 
1
H
1
S
 
   
 7.43 Å 2.86 Å 1.52 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
1
JV
P
 
   
 6.45 Å 0.99 Å 0.69 Å 
1
P
K
D
 
   
 9.27 Å 0.89 Å 0.82 Å 
1
P
Y
E
 
   
 5.34 Å 1.98 Å 0.82 Å 
1
V
Y
W
 
   
 9.72 Å 8.13 Å 1.12 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
1
Y
8
Y
 
   
 5.47 Å 1.95 Å 1.54 Å 
1
Y
K
R
 
   
 2.21 Å 2.41 Å 1.17 Å 
2
A
4
L
 
   
 1.63 Å 1.50 Å 0.91 Å 
2
B
5
2
 
   
 2.01 Å 2.85 Å 1.40 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
B
5
3
 
   
 7.69 Å 2.52 Å 1.56 Å 
2
B
5
5
 
   
 5.59 Å 4.48 (1.15) Å 3.31 Å 
2
B
K
Z
 
   
 4.52 Å 1.75 Å 1.07 Å 
2
B
P
M
 
   
 11.04 Å 8.20 Å 0.82 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
B
T
R
 
   
 1.34 Å 1.58 Å 0.90 Å 
2
B
T
S
 
   
 4.73 Å 1.73 Å 1.37 Å 
2
C
6
I 
   
 6.63 Å 4.36 Å 2.86 Å 
2
C
C
H
 
   
 5.67 Å 4.07 Å 1.86 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
D
U
V
 
   
 5.36 Å 6.27 Å 1.07 Å 
2
E
X
M
 
   
 5.29 Å 4.43 Å 1.79 Å 
2
F
V
D
 
   
 8.01 Å 5.70 (2.71) Å 1.67 Å 
2
G
9
X
 
   
 8.51 Å 5.02 Å 3.45 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
IW
8
 
   
 8.27 Å 1.82 Å 1.35 Å 
2
J9
M
 
   
 6.98 Å 6.54 Å 2.43 Å 
2
R
3
F
 
   
 6.37 Å 6.28 Å 4.46 Å 
2
R
3
I 
   
 6.47 Å 6.14 Å 4.22 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
R
3
Q
 
   
 1.68 Å 1.85 Å 1.34 Å 
2
U
Z
O
 
   
 7.82 Å 8.06 Å 2.64 Å 
2
V
0
D
 
   
 6.04 Å 4.95 Å 2.33 Å 
2
W
0
5
 
   
 6.72 Å 3.44 Å 2.88 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
2
W
1
7
 
   
 5.00 Å 4.34 (1.43) Å 3.18 Å 
2
W
IH
 
   
 3.99 Å 1.64 Å 1.20 Å 
3
B
H
T
 
   
 5.81 Å 2.79 Å 0.51 Å 
3
B
H
U
 
   
 5.98 Å 2.12 Å 0.36 Å 
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Table D1.  (continued) 
 Cross-Docking Pose: 
RMSD, PDB 1H26 
Low-Mode Pose: 
Minimum Gscore RMSD 
Low-Mode Pose: 
Minimum RMSD 
3
B
H
V
 
   
 4.77 Å 4.89 Å 0.83 Å 
3
D
D
Q
 
   
 1.65 Å 2.11 Å 0.88 Å 
3
E
Z
R
 
   
 9.25 Å 4.17 Å 4.17 Å 
3
E
Z
V
 
   
 7.97 Å 6.18 Å 5.12 Å 
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Appendix E 
X-ray RMSD Distribution of Generated Normal Mode Structures 
 The bottom 10% of CDK2-Cyclin A RMSD values are reported for each of the 
CDK2 X-ray structures (16 with Cyclin A) compared to each of the 1134 generated 
structures representing 54 low-frequency normal modes  of vibration (each with 21 
frames) for CDK2-Cyclin A, PDB 1H26.  Accordingly, the RMSD values for one ligand 
are represented by a 21 row by 54 column matrix.  Green squares indicate that the 
structure yielded an RMSD value in the bottom 10% of all RMSD values for a given X-
ray structure.  The first image is the X-ray structure (PDB 1H26) on which normal mode 
analysis was performed. 
X-ray: 1h26,* Min.: 0.70 Å, Max.: 1.89 Å, Avg.: 0.84±0.17 
 
Figure E1. Bottom 10% of RMSD values per X-ray structure for all 1134 LM frames.  
*Cyclin A is bound.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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X-ray: 1H1P,* Min.: 0.98 Å, Max.: 2.07 Å, Avg.: 1.23±0.13 
 
 
X-ray: 1H1Q,* Min.: 0.76 Å, Max.: 1.92, Avg.: 0.92±0.15 
 
 
X-ray: 1H1R,* Min.: 0.74 Å, Max.: 1.89 Å, 0.88±0.16 
  
Figure E1. (continued) *Cyclin A is bound. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1 1 1 2 1 2 1 1 2 1 1 1 2 1 2 2 1 1 1 1 2 1 1
2 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 2 1 1 1 1 2 1 1 1 2 1 2 2 1 1 1 1 2 1 1
3 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 1 1
4 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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X-ray: 1H1S,* Min.: 0.75, Max.: 1.89, Avg.: 0.89±0.16 
 
 
X-ray: 1JVP, Min.: 1.67, Max.: 2.89, Avg.: 2.08±0.12 
 
 
X-ray: 1PKD,* Min.: 0.75, Max.: 1.90, Avg.: 0.90±0.15
 
Figure E1. (continued) *Cyclin A is bound. 
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X-ray: 1PYE, Min.: 1.52 Å, Max.: 2.61 Å, Avg.: 1.85±0.12 
 
 
X-ray: 1VYW,* Min.: 1.00 Å, Max.: 2.09 Å, Avg.: 1.15±0.14 
 
 
X-ray: 1Y8Y, Min.: 1.71Å, Max.: 2.91 Å, Avg.: 2.15±0.11
 
 
Figure E1. (continued) *Cyclin A is bound. 
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Figure E1. (continued) *Cyclin A is bound. 
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X-ray: 2BPM,* Min.: 1.00 Å, Max.: 2.05 Å, Avg.: 1.17±0.13 
 
 
X-ray: 2BTR, Min.: 1.54Å, Max.: 2.72 Å, Avg.: 1.92±0.12 
 
 
X-ray: 2BTS, Min.: 1.60 Å, Max.: 2.67 Å, Avg.: 1.94±0.11
 
 
Figure E1. (continued) *Cyclin A is bound. 
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X-ray: 2C6I, Min.: 1.75 Å, Max.: 3.10 Å, Avg.: 2.16±0.11 
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Figure E1. (continued) *Cyclin A is bound. 
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X-ray: 2EXM, Min.: 1.81 Å, Max.: 2.92 Å, Avg.: 2.15±0.11 
 
 
X-ray: 2FVD, Min.: 1.58 Å, Max.: 2.77 Å, Avg.: 1.96±0.11 
 
 
X-ray: 2G9X,* Min.: 0.86 Å, Max.: 1.95 Å, Avg.: 1.00±0.14
 
 
Figure E1. (continued) *Cyclin A is bound. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 3 2 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 3 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
169 
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X-ray: 2R3F, Min.: 1.68 Å, Max.: 2.91 Å, Avg.: 2.00±0.12
 
 
Figure E1. (continued) *Cyclin A is bound. 
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Figure E1. (continued) *Cyclin A is bound. 
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X-ray: 2WIH,* Min.: 1.03 Å, Max.: 2.04 Å, Avg.: 1.18±0.13 
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X-ray: 3BHU,* Min.: 0.87Å, Max.: 1.98 Å, Avg.: 0.99±0.14
 
 
Figure E1. (continued) *Cyclin A is bound. 
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Figure E1. (continued) *Cyclin A is bound. 
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18 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
20 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
21 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
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X-ray: 3EZV, Min.: 1.61 Å, Max.: 2.87 Å, Avg.: 2.09±0.12 
 
 
Figure E1. (continued) *Cyclin A is bound.  
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
1 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
4 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
14 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
15 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
16 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
17 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
18 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
19 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
20 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
21 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
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Appendix F 
Active Site Contact Analysis for Low-mode Dockings 
The following figures attempt to capture in 2 dimensions what should be viewed 
in 3 dimensions: conformational analysis of the CDK2 X-ray and low-mode structures.  
There are 45 amino acids that are within 5 Å of all 40 co-crystallized ligand molecules 
(Figure 2.9B).  If viewing only those residues that are within 5 Å of the low-mode 
dockings, at least half would be rendered, resulting in more than 40 residues to compare.  
Thus, a contact mapping and an intersection surface were created for each minimum 
Gscore low-mode pose. 
The contact mapping (Table F1, center column) was devised by treating the active 
site like a cylinder that is cut and laid open to form a rectangle such that the rectangle’s 
top and bottom sides are lined with the residues forming the opening to the active site 
(Figure 2.9).  The contact color-coding is as follows: blue, X-ray only; green, both X-ray 
and low-mode; yellow, low-mode only. 
The active site of CDK2 closes upon binding with its ligands such that a standard 
surface rendering creates a closed figure, so the intersection option in Maestro was used; 
however, with default parameters of probe radius = 1.4 Å and van der Waals scaling = 
1.0, very little surface was created.  Increasing the van der Waals scaling to 1.4, the 
intersection surface (Table F2, right column) adequately covered the contacts (within 4 
Å) when viewed concurrently.  The transparent yellow surface represents the contacts of 
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the low-mode pose while the blue mesh represents the X-ray pose.  The heavy atom 
RMSD for the active site residues (AS RMSD) and surface areas (Surface AreaX-ray, 
Surface AreaLM) are reported. 
An image superimposing complete structures in cartoon representation is 
provided (Table F2, left column) to discern major differences: green, low-mode 
conformers of CDK2; cyan, X-ray structure of CDK2; orange, Cyclin A where included.  
RMSD values of the receptor are also included.  High values (more than 10 Å) occur 
when the activation loop (residues 146-166) is not tightly bound, especially in the 
absence of Cyclin A.  For some X-ray structures, coordinate data was not reported for 
this loop. 
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Table F1A. Active site analysis summary. 
 
PDB RMSDHA RMSDCA SAXRAY SALM SADIFF RMSDLM-GS CONXRAY (%) CONBoth CONLM-GS (%) 
1H1P* 1.83 1.74 374 351 -6% 4.65 5 (-23) 17 5 (23) 
1H1Q* 1.50 1.35 434 400 -8% 1.44 2 (-8) 22 1 (4) 
1H1R* 1.51 1.38 464 438 -6% 4.50 4 (-16) 21 2 (8) 
1H1S* 1.64 1.33 507 498 -2% 2.86 2 (-9) 21 5 (22) 
1JVP 2.20 1.35 352 327 -7% 0.99 2 (-11) 16 4 (22) 
1PKD* 1.13 0.79 574 534 -7% 0.89 3 (-12) 23 3 (12) 
1PYE 1.83 1.61 377 441 17% 1.98 2 (-10) 18 3 (15) 
1VYW* 1.40 0.81 435 387 -11% 8.13 1 (-5) 19 0 (0) 
1Y8Y 3.11 2.23 370 323 -13% 1.95 10 (-38) 16 2 (8) 
1YKR 2.79 1.93 539 546 1% 2.41 4 (-15) 22 4 (15) 
2A4L 1.88 1.53 547 472 -14% 1.50 3 (-11) 24 0 (0) 
2B52 2.58 1.90 586 546 -7% 2.85 3 (-12) 23 4 (15) 
2B53 2.26 1.81 488 474 -3% 2.52 4 (-16) 21 2 (8) 
2B55 2.58 1.97 588 572 -3% 4.48 4 (-15) 22 3 (12) 
2BKZ* 2.56 1.62 489 371 -24% 1.75 5 (-22) 18 2 (9) 
2BPM* 1.45 0.84 452 387 -14% 8.20 3 (-15) 17 8 (40) 
2BTR 1.35 0.91 372 341 -8% 1.58 2 (-10) 18 1 (5) 
2BTS 1.82 1.09 406 334 -18% 1.73 2 (-11) 17 4 (21) 
2C6I 2.14 1.59 566 475 -16% 4.36 5 (-21) 19 4 (17) 
2CCH* 2.24 1.41 404 421 4% 4.07 4 (-17) 20 3 (13) 
 
RMSD values are calculated from X-ray receptor structures and low-mode frames of 
lowest docking scores (left column, Table F2).  SA is surface area; LM-GS is low-mode 
docking pose chosen by minimum docking score; CON is number of contacts.  *Cyclin A 
is bound.  
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Table F1B. Active site analysis summary with averages. 
 
PDB RMSDHA RMSDCA SAXRAY SALM SADIFF RMSDLM-GS CONXRAY (%) CONBoth CONLM-GS (%) 
2DUV 3.07 2.09 516 438 -15% 6.27 5 (-19) 22 3 (11) 
2EXM 2.00 1.50 317 333 5% 4.43 2 (-10) 18 3 (15) 
2FVD 1.91 1.68 536 485 -10% 5.70 2 (-8) 22 3 (13) 
2G9X* 1.86 1.40 563 525 -7% 5.02 2 (-8) 23 1 (4) 
2IW8* 5.92 1.41 507 416 -18% 1.82 1 (-4) 22 3 (13) 
2J9M 1.89 1.40 438 415 -5% 6.54 1 (-5) 19 2 (10) 
2R3F 2.39 2.02 495 465 -6% 6.28 4 (-15) 22 1 (4) 
2R3I 2.33 1.84 417 409 -2% 6.14 4 (-15) 22 2 (8) 
2R3Q 2.29 1.71 447 488 9% 5.02 3 (-12) 22 0 (0) 
2UZO 3.16 1.97 400 333 -17% 8.06 5 (-23) 17 3 (14) 
2V0D 2.37 1.90 295 310 5% 4.95 6 (-29) 15 2 (10) 
2W05 2.52 1.63 525 491 -6% 3.44 4 (-17) 19 6 (26) 
2W17 3.27 1.20 586 408 -30% 4.34 3 (-13) 20 4 (17) 
2WIH* 2.29 1.21 625 528 -16% 1.64 4 (-13) 26 1 (3) 
3BHT* 2.78 1.72 349 314 -10% 2.79 6 (-30) 14 5 (25) 
3BHU* 2.27 1.05 414 354 -14% 2.12 3 (-13) 21 2 (8) 
3BHV* 1.44 0.85 363 301 -17% 4.89 1 (-5) 20 2 (10) 
3DDQ* 1.52 1.37 525 464 -12% 2.11 3 (-11) 24 0 (0) 
3EZR 2.46 1.63 602 471 -22% 4.17 8 (-27) 22 5 (17) 
3EZV 2.28 1.80 539 404 -25% 6.18 7 (-26) 20 3 (11) 
 
2.25±0.80 1.51±0.38 470±87 425±76 -9±1% 3.87±2.07 4±2 (-15±8) 20±3 3±2 (12±8) 
 
Averages include data from Table F1A.  RMSD values are calculated from X-ray 
receptor structures and low-mode frames of lowest docking scores (left column, Table 
F2).  SA is surface area; LM-GS is low-mode docking pose chosen by minimum docking 
score; CON is number of contacts.  *Cyclin A is bound.
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Table F2. Active site contact analysis for low-mode dockings. 
 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and 
Low-mode Poses 
 
Mode 40, Frame 20 vs. 
1H1P* RMSD = 1.46 Å 
g b b b 
 
  
g b 
 
 
g y y 
 
g g g y 
 
g 
   
y 
g g g 
 
y 
g 
  
g g 
g g g b 
 
 
g 
   
 
 
Active Site RMSD = 1.83 Å 
Surface AreaX-ray = 374Å
2
 
Surface AreaLM = 351Å
2
 
 
Mode 39, Frame 19 vs. 
1H1Q* RMSD = 1.02 Å 
g b g g b 
  g g     
y g   g   
g g g     
g         
g g g     
g     g g 
g g g g   
  g       
 
 
Active Site RMSD = 1.50 Å 
Surface AreaX-ray =434 Å
2
 
Surface AreaLM =400 Å
2
 
 
Mode 40, Frame 16 vs. 
1H1R* RMSD = 0.77 Å 
g g g g b 
  b g     
b g   g   
g g g     
g       y 
g g g   y 
g     g g 
g g g b   
  g       
 
 
Active Site RMSD = 1.51 Å 
Surface AreaX-ray =464 Å
2
 
Surface AreaLM =438 Å
2
 
*Cyclin A is bound. 
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 22, Frame 21 vs. 
1H1S* RMSD = 0.82 Å 
g g g g b 
y g g     
y g   y   
g g g     
g       y 
g g g   y 
g     g g 
g g g b   
  g       
 
 
Active Site RMSD = 1.64 Å 
Surface AreaX-ray =507Å
2
 
SALM =498 Å
2
 
 
Mode 49, Frame 3 vs. 
1JVP RMSD = 2.10 Å 
g         
  y g     
y g   g   
g g g     
g       y 
g b g     
g     g g 
g g g     
  y     b 
 
 
Active Site RMSD = 2.20 Å 
Surface AreaX-ray =352 Å
2
 
SALM =327 Å
2
 
 
Mode 39, Frame 19 vs. 
1PKD* RMSD = 0.85 Å 
g g g g y 
    g     
  g   g   
g g g b   
g       g 
g g g   g 
g b   g g 
g g g y b 
  y g     
 
 
Active Site RMSD = 1.13 Å 
Surface AreaX-ray = 574 Å
2
 
Surface AreaLM =534 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 23, Frame 19 vs. 
1PYE RMSD = 1.89 Å 
g b g y y 
    g     
  g   g b 
g g g     
g         
g g g     
g     g g 
g g g     
  y       
 
 
Active Site RMSD = 1.83 Å 
Surface AreaX-ray = 377 Å
2
 
Surface AreaLM = 441 Å
2
 
 
Mode 36, Frame 18 vs. 
1VYW* RMSD = 1.22 Å 
g g       
g b g     
g g   g   
g g g     
g         
g g g     
g     g g 
g         
  g       
 
 
Active Site RMSD = 1.40 Å 
Surface AreaX-ray = 435 Å
2
 
Surface AreaLM =387 Å
2
 
 
Mode 13, Frame 3 vs. 
1Y8Y RMSD = 2.26 Å 
g   g b b 
  g g   b 
y g   g b 
g g g b   
g         
g y g     
g     g b 
g b b b   
  g     b 
 
 
Active Site RMSD = 3.11 Å 
Surface AreaX-ray = 370 Å
2
 
Surface AreaLM =323 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 11, Frame 12 vs. 
1YKR RMSD = 2.22 Å 
g b y g g 
  g g   b 
y g   g b 
g g g     
g y     y 
g g g     
g     g g 
g g g g   
  g     b 
 
 
Active Site RMSD = 2.79 Å 
Surface AreaX-ray = 539 Å
2
 
Surface AreaLM =546 Å
2
 
 
Mode 39, Frame 17 vs. 
2A4L RMSD = 1.81 Å 
g g g g b 
g b g     
g g g g b 
g g g     
g         
g g g     
g     g g 
g g g     
  g       
 
 
Active Site RMSD = 1.88 Å 
Surface AreaX-ray = 547 Å
2
 
Surface AreaLM = 472 Å
2
 
 
Mode 46, Frame 2 vs. 
2B52 RMSD = 2.07 Å 
g b g g g 
  g g   b 
y g   g b 
g g g     
g         
g g g   y 
g     g g 
g g g g y 
  g     y 
 
 
Active Site RMSD = 2.58 Å 
Surface AreaX-ray = 586 Å
2
 
Surface AreaLM = 546 Å
2
 
*Cyclin A is bound.  
183 
 
Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 10, Frame 20 vs. 
2B53 RMSD = 2.00 Å 
g g g b b 
  y g     
y g   g b 
g g g     
g         
g g g     
g     g g 
g g g g   
  g b     
 
 
Active Site RMSD = 2.26 Å 
Surface AreaX-ray = 488 Å
2
 
Surface AreaLM = 474 Å
2
 
 
Mode 20, Frame 14 vs. 
2B55 RMSD = 2.01 Å 
g b g g g 
    g   b 
y g   g b 
g g g     
g         
g g g     
g     g g 
g g g g y 
  g b   y 
 
 
Active Site RMSD = 2.58 Å 
Surface AreaX-ray = 588 Å
2
 
Surface AreaLM = 572 Å
2
 
 
Mode 30, Frame 21 vs. 
2BKZ* RMSD = 1.45 Å 
g g b g b 
    g   b 
y g   g   
g g g     
g       b 
g b g     
g     g g 
g g y     
  g       
 
 
Active Site RMSD = 2.56 Å 
Surface AreaX-ray = 489 Å
2
 
Surface AreaLM = 371 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 9, Frame 4 vs. 
2BPM* RMSD = 1.08 Å 
g   y y y 
b b g     
g g   g   
g g g     
g b     y 
g g g   y 
g     g g 
g y y y   
  g       
 
 
Active Site RMSD = 1.45 Å 
Surface AreaX-ray = 452 Å
2
 
Surface AreaLM = 387 Å
2
 
 
Mode 22, Frame 19 vs. 
2BTR RMSD = 1.80 Å 
g         
b g g     
g g b g   
g g g     
g         
g g g     
g     g g 
g g       
  y       
 
 
Active Site RMSD = 1.35 Å 
Surface AreaX-ray = 372 Å
2
 
Surface AreaLM = 341 Å
2
 
 
Mode 39, Frame 21 vs. 
2BTS RMSD = 1.94 Å 
g y       
y y g     
y g b g   
g g g     
g         
g g g     
g     g g 
g g       
  g b     
 
 
Active Site RMSD = 1.82 Å 
Surface AreaX-ray = 406 Å
2
 
Surface AreaLM = 334 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 19, Frame 8 vs. 
2C6I RMSD = 2.13 Å 
g b b b b 
  g g     
y g   g   
g g g y   
g       y 
g g g   y 
g     g g 
g g g b   
  g       
 
 
Active Site RMSD = 2.14 Å 
Surface AreaX-ray = 566 Å
2
 
Surface AreaLM = 475 Å
2
 
 
Mode 39, Frame 20 vs. 
2CCH* RMSD = 1.00 Å 
g g g g y 
  b g   b 
  g   y   
g g g     
g         
g g g     
b     g g 
g g g g y 
  g   b   
 
 
Active Site RMSD = 2.24 Å 
Surface AreaX-ray = 404 Å
2
 
Surface AreaLM = 421 Å
2
 
 
Mode 29, Frame 9 vs. 
2DUV RMSD = 1.86 Å 
g g g g b 
  y g   b 
y g   g   
g g g b   
g       y 
g g g   b 
g     g g 
g g g g   
  g     b 
 
 
Active Site RMSD = 3.07 Å 
Surface AreaX-ray = 516 Å
2
 
Surface AreaLM = 438 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 52, Frame 4 vs. 
2EXM RMSD = 2.25 Å 
g b b g   
    g     
  g y g   
g g g     
g       y 
g g g     
y     g g 
g g g     
  g       
 
 
Active Site RMSD = 2.00 Å 
Surface AreaX-ray = 317 Å
2
 
Surface AreaLM = 333 Å
2
 
 
Mode 40, Frame 16 vs. 
2FVD RMSD = 2.01 Å 
g   y g y 
  g g     
y g g g b 
g g g g   
g         
g g g     
g b   g g 
g g g     
  g       
 
 
Active Site RMSD = 1.91 Å 
Surface AreaX-ray = 536 Å
2
 
Surface AreaLM = 485 Å
2
 
 
Mode 16, Frame 19 vs. 
2G9X* RMSD = 1.20 Å 
g b g g g 
y g g     
  g   g   
g g g     
g         
g g g     
g     g g 
g g g g   
  g b     
 
 
Active Site RMSD = 1.86 Å 
Surface AreaX-ray = 563 Å
2
 
Surface AreaLM = 525 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 39, Frame 17 vs. 
2IW8* RMSD = 0.89 Å 
g b g g g 
y g g     
  g   g   
g g g     
g         
g g g     
g     g g 
g g g g   
  g b     
 
 
Active Site RMSD = 5.92 Å 
Surface AreaX-ray = 507 Å
2
 
Surface AreaLM = 416 Å
2
 
 
Mode 29, Frame 20 vs. 
2J9M RMSD = 2.28 Å 
g g g g b 
y g g     
y g   y   
g g g     
g         
g g g     
g     g g 
g g g g   
  g       
 
 
Active Site RMSD = 1.89 Å 
Surface AreaX-ray = 438 Å
2
 
Surface AreaLM = 415 Å
2
 
 
Mode 10, Frame 4 vs. 
2R3F RMSD = 2.52 Å 
g g g g b 
y g g     
g g   g   
g g g     
g b       
g g g     
g     g g 
g b g b   
  g       
 
 
Active Site RMSD = 2.39 Å 
Surface AreaX-ray = 495 Å
2
 
Surface AreaLM = 465 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and 
Low-mode Poses 
 
Mode 23, Frame 19 vs. 
2R3I RMSD = 2.12 Å 
g g g g b 
  b g     
b g   g   
g g g     
g g     y 
g g g   y 
g     g g 
g g g b   
  g       
 
 
Active Site RMSD = 2.33 Å 
Surface AreaX-ray = 417 Å
2
 
Surface AreaLM = 409 Å
2
 
 
Mode 40, Frame 21 vs. 
2R3Q RMSD = 2.37 Å 
g g g g b 
  g g     
g g   g   
g g g     
g         
g g g     
g     g b 
g g g b   
  g       
 
 
Active Site RMSD = 2.29 Å 
Surface AreaX-ray = 447 Å
2
 
Surface AreaLM = 488 Å
2
 
 
Mode 21, Frame 17 vs. 
2UZO RMSD = 2.19 Å 
g   y g y 
    g   b 
  g   b   
g g g     
g         
g g g     
g     b b 
g g g y   
  g b   g 
 
 
Active Site RMSD = 3.16 Å 
Surface AreaX-ray = 400 Å
2
 
Surface AreaLM = 333 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 40, Frame 21 vs. 
2V0D RMSD = 2.48 Å 
g b b b b 
    g     
  g   g   
g g g     
g         
g g g     
y     g g 
g b g b   
  y       
 
 
Active Site RMSD = 2.37 Å 
Surface AreaX-ray = 295 Å
2
 
Surface AreaLM = 310 Å
2
 
 
Mode 39, Frame 20 vs. 
2W05 RMSD = 1.94 Å 
g g g y   
y g g   b 
y g y g   
g g g y   
g       y 
g g g     
g     g g 
g b b     
  g b     
 
 
Active Site RMSD = 2.52 Å 
Surface AreaX-ray = 525 Å
2
 
Surface AreaLM = 491 Å
2
 
 
Mode 39, Frame 21 vs. 
2W17 RMSD = 2.21 Å 
g g g y   
y y g     
y g   g   
g g g     
g         
g g g     
g b   g g 
g g g     
b g b     
 
 
Active Site RMSD = 3.27 Å 
Surface AreaX-ray = 586 Å
2
 
Surface AreaLM = 408 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and 
Low-mode Poses 
 
Mode 48, Frame 1 vs. 
2WIH* RMSD = 1.21 Å 
g b g g g 
g g g   b 
y g g g   
g g g g   
g       g 
g g g   b 
g     g g 
g g g   b 
  g       
 
 
Active Site RMSD = 2.29 Å 
Surface AreaX-ray = 625 Å
2
 
Surface AreaLM = 528 Å
2
 
 
Mode 10, Frame 20 vs. 
3BHT* RMSD = 1.52 Å 
g b b     
    g   b 
  g   g   
g g g     
g     b b 
g g g   b 
y     g g 
g y y y   
  y       
 
 
Active Site RMSD = 2.78 Å 
Surface AreaX-ray = 349 Å
2
 
Surface AreaLM = 314 Å
2
 
 
Mode 40, Frame 16 vs. 
3BHU* RMSD = 0.95 Å 
g g g y   
    g   b 
  g   g   
g g g b   
g     b g 
g g g   g 
g     g g 
g g g     
  y       
 
 
Active Site RMSD = 2.27 Å 
Surface AreaX-ray = 414 Å
2
 
Surface AreaLM = 354 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and 
Low-mode Poses 
 
Mode 21, Frame 14 vs. 
3BHV* RMSD = 0.88 Å 
g g g g   
    g     
  g   g   
g g g     
g     b g 
g g g   g 
y     g g 
g   y     
  g       
 
 
Active Site RMSD = 1.44 Å 
Surface AreaX-ray = 363 Å
2
 
Surface AreaLM = 301 Å
2
 
 
Mode 40, Frame 19 vs. 
3DDQ* RMSD = 1.12 Å 
g g g g b 
g b g     
g g g g   
g g g     
g     b   
g g g     
g     g g 
g g g     
  g       
 
 
Active Site RMSD = 1.52 Å 
Surface AreaX-ray = 525 Å
2
 
Surface AreaLM = 464 Å
2
 
 
Mode 9, Frame 2 vs. 
3EZR RMSD = 2.00 Å 
g g g g   
y y g   b 
y g   g   
g g g b b 
g   b g y 
g g g b g 
g   b g g 
g g b   y 
  g b     
 
 
Active Site RMSD = 2.46 Å 
Surface AreaX-ray = 602 Å
2
 
Surface AreaLM = 471 Å
2
 
*Cyclin A is bound.  
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Table F2. (continued) 
Structure Superposition 
Ribbon Representation 
Active Site 
Contacts 
Contact Surfaces of X-ray and Low-
mode Poses 
 
Mode 25, Frame 1 vs. 
3EZV RMSD = 2.26 Å 
g g g y   
    g     
  g   g   
g g g b b 
g   b b y 
g g g   b 
g   b g g 
g g g y   
  g     b 
 
 
Active Site RMSD = 2.28 Å 
Surface AreaX-ray = 539 Å
2
 
Surface AreaLM = 404 Å
2
 
*Cyclin A is bound. 
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Appendix G 
Brief Summary of Projects 
Virtual Target Screening and Low-mode Docking projects began before entering 
the Ph. D. program.  The following table is a complete listing. 
Project/Target 
Virtual Target Screening 
Low-mode Docking 
Polyamine Biosynthetic Pathway 
B-cell Lymphoma-extra Large (Bcl-xL) Protein 
Induced Myeloid Leukemia Cell Differentiation (Mcl-1) Protein 
Murine Double Minute 2 (MDM2) Oncoprotein 
Proteasome 
Signal Transducer and Activator of Transcription 3 (STAT3) 
Deoxycytidine Kinase 
1-Deoxy-D-xylulose-5-Phosphate Synthase (DXS) 
 
Table G1. Projects spanning 2005 to 2012. 
Publications have resulted thus far with the Virtual Target Screening
188
 and 
Proteasome projects
189
 as well as work with the McLaughlin Lab (University of South 
Florida) where the structure of a nonpeptidic α-helical mimic was described in context of 
an idealized α-helical octa-alanine peptide.190  The works of Virtual Target Screening, 
Low-mode Docking, and Cyclic Peptide Docking are discussed in this dissertation. 
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Appendix H 
Permission to Print VTS Paper 
 
 
Figure H1. Permission to print Virtual Target Screening: Validation Using Kinase 
Inhibitors in dissertation. 
